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2 vnmKur crus akd ofkebal effcctb of oobbebts 


In magnebBRi wo arc concerned with mognctic fields nnd tubes of 
mognotio foroo <U mt ntid m clcotrostAtics Bith elootno fields and 
tubes of olcolno foreo at mC . the reader will boo later that m 
ourront cleotnoitv uo aro rcnllj oonocmed with the eom^ttnec of 
tho abo\o two fields whxlt tn a condition qf rdalivt mofion. 

One method of producing tho dilleronce of potential 
necessary for a contmual flow of dectncitj » bj chemical 
aetiom 

SSsp (1) rince n plate of oommon rino (Zn) in dilate salpbuno 
aoid (HtSOi) , a violent action ensues, the rino is oaten away, rine 
Bulphate (ZnSOi) is fonnod» hydrogen gas (Hg) is o>olvod, and on 
the xdhclt tnergy is liberated appearing as heat in the solution The 
ohemical notion is expressed by tho equation 
Zn -f* HgSOi s? ZnS04 4* 

(2) Amalgamate tho nno {% t coat its surface with morcmiy) and 
replaoe in the aoid , no action is observed. 

(3) InsortapIatoofoopporinthonQid •agninnooctionis observe^ 
P3aoo the amalgamated zinc and tho cc^per side side m the amd 
hut withoat touching each other, and still no aotion is observed. 



(4) Fit up the apparatus shown m Fig 273, where Fis an eleotro 
scope, F and (7 two brass platen the former being provided with a 
handle and the latter fixed to an insnlatiDg snp^^ MM* a sheet 
of paper between ^and 0, and ^andXr the oqpper and amalga 
mated ano plates respeotivelyi standing in the dilute sulphune 
amd , the oonneotions are as indioated, trom which it uill be seen 
that the ano plate being earthed la at zaropetenttal, whilst J?, ^ 
and V, being connected, are at a oommon potential Now remove 
fF by insulatiDg tonn and then take away the plate F^ the leaies 
of the electro8c<^ diverge, and 1^ the method of .Art. (19 it can be 
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pnmd ihAt th^poUnbal ia fioailtu Henoe ve raw ecmdliide that 
m(8), oltboiigb no aotson ts oosenod, tkepoienitfU cqgyiHrpIaU 
u ilm thuUaf ih/ttxnc jphite BoMt this oqpenment ^th 
1^ Qopi^ Plata Jk joined to Bt%€ earthed and nt aero poteaftat 
and tlwsino]^teX joined to/ The leaves diverge as before^ hot 
on teetuig it is foimd that their poi/enital is mgatm, this also 
nortethe above^ vu that m (8) fhe capper jibUeu 

hgher ikon ehol qf the tme An azpliinalson of this oqpen- 

mentu gsven heksf 

(5) Baoo the two plates in the aoid and oonneotthem outnde I7 
awrize 27^ ; it will be found that (a) the smo te eatao away 
and nno sm^te u fonnedc (h) hydrogen gaa 
appeals at Ae topper plate, (0) a ennent of 
eieotnaity flows m w oinnxt^ as can be 
xeadily proved to bnn^ng a oompass needle 
near the wire 1 the direotum of the onrrent 
u fician ooppai^ to ano in the oonneoting u ue^ 
ano to ogppa in the bq^md 

Booh an armigeiniesit is called a 
gnnpibi ^vanic, or voltaic cdi; the 
oopper plate u at a higher pototuil 
than the zmc and is ouled tlie 
IKdenftat pZofet the portumof xbontaide 
the h^a hemg cdled tioaittoe 
peh , WB ano unknown as the ww yio- Sig 274 
foatiol plaia, the portion of xt otcbnde 
bemg oaDed the nagohee poU lb the oatnde eixODit the 
Gunent wOmaUg mm from the hi^ potential eqroer to 
the low potentiu mo, huode the energy of the 
action &XO8B the electneiliy from the low to the to gb po. 
tenfaaL The cheimcal action la, in faoL similar in 
pomp lifting water from a loiwer to a higher levd, from 
w^hpontimthewafm wonldnatoia]^ downagam, 

omgworhmvirtmof theenergyoonferiedtmonit Thus 

m the cell the oonsttmpbon of w mo 1 eafly the 

^ergy which mamtamB tiie onmnt m the cacmt The 
diSmnee in potential between the me and the oopper 
wim they ore merely umneraed intheamdandnoto^ 
nected, i e when the odl u on **open emnuti* is apBaii tha 
^otro-motiwe fbvee (BMJF) of the oeQ 

The acpjiinBlaon of the nnilU noted m (4) ahme msT now he 

given hti^ as foUowa and 0 f cm a oondenser of h^ly Jarga 
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enpaoity When arnmnd as in the Smn, //, G and T acqmte a 
oommon potential equal in fact to the R M F of the cell, and, of 
oontae, a positive chatse has been gained bj 0 , the potential is, hovr- 
os er, not strong enough to cause t he leav es to direine When F is 
xemoied wo Imie no longer a condenser but merSy a plate Oof 
inuoh smaller capacity, and the ohnrgo it has acquired raises its 
potential to such an evtent that the leaves diacrge 
On the elcotron theory the current from a cell is a Son of niyaf ii e 
eleotrons from ano to copper outside 

143. Freluninaxy Ideas on the "CIieatical”Tlieoi 7 
of the Simple Cell.— The theon- of the simple cdl is dealt 
vnth m Chapter Xr7 , but the following elementaiy treat- 
ment at this stage vnll considerably assist the reader to 
understand much that follows 
Investigations relatmg to the alteration of the freezing 

S omt, boiling point, and vapour pressure of water, pro- 
need by dissotvmg acids and salts ther8m,bavB led to the 
conclasion that dilute solutions are “ dissociated,” t e the 
molecules ore broken up mto atoms, or groups of atoms, 
and further, tlmt there is a constant interdbonga of atoms 
between the molecules , thus at any mstant a luge number 
of atoms, in the act of passu^ from molecule to molecule, 
will be free or dissoetated, and these free atoms are sup- 
posed to be electrically charged— metallic ones positively 
and non-metallio ones negativmy Such free, ebar^ atoms 
axe called ions. 

Consider the zinc and copper plates m the dilnte acid— 
practically acidulated watei— hut iwf conneefed The hqmd 
^ ywitaiim a large number of os^gen and hydrogen ions, the 
former negatively, the latter positively, charged Now zme 
has great afSmtj for oii^gen , it attracts the n^aiive oxy- 
gen ions within a very narrow film round about it until its 
potential becomes so strongly negative that it be^ns to 
repd the oxygen ions electne^y as mtensdy as it attracts 
chemically, equilibrium is soon attiwed, the final 
result being, however, that the potential of the zme is 
lowered bjr an amount e,, say, bdow that of the outer 
anxfoce of the film The acid^ted water, being a con- 
ductor, has the same potential thronghont 
The copper also atfiacts the negative oxygen ions witnm 
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aTBiy iiBinwMin,80tliatitBpatentiflliB,8aj,<^ beikm that 
of the ofatersat&ea<^ this film; the aftnushonu, however, 
less *>»«•'" in ttn ease of the nni^ so that % u less than 
and the eopper m. tker^on, at a hi^er jpataidial than the 
sMie 

QSiePJ) between the mo and the copper is dearly a — ^ 
andtiuBmeaBOxeatheEMF CB)oftMedl Fie27o(a) 
xepreaentB (not to scale) the potentul dopes teleixed to, 
the veilacal distanees denotnm poteiiiids,fuid A3 and 03 
die enter sniCaoes of the“^ns" atthesmo and copper 
xespeotnely 

when toe plates are conneeted a wire the oondihan 
of eqmhbnnm is upset Electndty flows aloi^ the wire, 
from o^per to 
ono, loweimg the y re — flTF 
potential of the | f 
lonner and xaumg 
tint of the latter , 
the amo t^ain at- 
tiaots negative 
ozgrgen ions and 
the capper now 
repels tnam, and 
tins motion of 
nature urns in 
the direetum cop- 
per to dno mthe 
^md necess^y 


Jau-jiL 


(4 



S76 


imphes a motion of podtive ions (i a l^dn^^en ions) in 
the opposite directum sine to co^^, am ms is the di- 
rection recognised as tliat. of the onirent and, aa 

far as the potential dopes are ooneenied, there is on the 
whole a penpetoal process towards r^jn^ent, the P E 
m the film at the sme hemg mamtemed egual to e^ anfl 
that at the eopper eqoal to e^ (neglecting the infln«m«ft of 
the hydrogen &era) ITow, lunrererTdiere is a fall 

S tentud m the hqm from the onter enrfm of the ««« 
mtotheonter snrEace of the eopper film eqnal to 7',8ay, 
and a potential fall m the wire equal, say, to e Tlnf— 
potential diq^ea are shown m 2re (b) , dearly — 
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deereadne affinily for taygea (and decieasmg solutum 
preBBnies^t any tgooftbeBenutybecliogenastiliedainaaliB 
of fhs cell, file fmiher the aobataiices are apart on the list 
theeiaitoTrdlliefheElIF. andfheattbBtaniceirhMii ia 
the mglier o& tiie list mil conabtote the negabTB pole of 
the cw — TWangiiTnnm, Zwo, Lead, Tm,Iron, Ckipper, Mer> 
ooty, EKher, Flatinom, Oarban 


IM. liooal Aotfam aaid Solacisataoiu — CommoB amc 
BuntniTin many impurities, auidi as mm, lead, arsenu^ eto ; 
the^ together mOi the xino, bemg m contact m& the 
add giTB iiae to a immher of local ooirentB all o^ the 
aniface of the pb^ the tesidt bemg that the smo is con- 
sumed mlhoat any adTantage bong gamed thcreifiom 
^Dus, termed '* loeal oehon,** is pierentM amnlgatiiiirfang 
the dno Q!be metooiy dissolTcs the smc, fonmng a uni- 
formly soft amalgam which oorers up the unpuntieB i as 
tile smo is consumed in the edl tiie impuxitiea fall to the 
bottom Local currents between portums of the plate dif- 
fering in hardness ate also pieraned by this dence 
We hare seen that when the cell is giving a conent 
hydrogen bnbblea appear at the copper jdats One ex- 
planation of their abearance there was g^ven Qrotthns, 


1 


ir22' SS' 4 4' 66' 66* 

BOA BOA SOA SOA boa boa 


“*'?*¥*• 


Sig sn. 


and 18 shown m Fig 276 2he upper row diows the 
arrangement of the molseideB before the poles axe oon- 
necte^ the lower tow after the conneotion is ThA 

smo (^) combines with the snlphian (SO*), and altiBima.i]e 
sepBxatioiis and zeeomlnnationB tahe pibce nntil finally the 
hydngen of the molecnlB on the i^mi is liberated at the 
copper plate. Xhe diasi^tion fhe^ of Olausms gives a 
more modem esphnation the podtive hydrogen innA 
tnvel towards the copper, and ^ negative ions towards 
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the nnc The deposition of the bjrdrogea on the copper 
IS termed "polarualm", it weakens the current Md 
8pou8 {he cell ia f^o wajs — 

(а) The gas has a laige resistance (Arfc 154), it 
^ stroaglj opposes the flow of the cnircat 

(б) A back pressure, or back E STP , greater a is 

set up, so {hat {he E M F (S) of the (viz e, — s,) is 
gi^atljdxmmiBhei y i 

Modem pnmazj cells are nuuhlj devices for the efaxaina- 
tion of pol^ation 

145. Taxaous Forms of Cells.— As it is esaeatialfer 
tte siudmt to see, handle^ and work witt these celb, 
detailed descnpfions will not be pveii here, 

(1) DAiaELL's CEtL— The Damdl’s Cell fflg 277) 
consists of an outer cjlmdncal copper resm fonamg 
the high potential dement Tbs 
contains a concenbuted solution 
of copper sulphate (CnSOAuinch 
acts as fhe^^d^lanser/ie tlw 
substance which prevents polari- 
sation Bx this stands a porous 
earthenware pot contammg ddnte 
Golphunc amd and an amalga- 
mated zino rod To the npper 
portion of {he copper cyl® / t 
perforated shdf is atfachea (not 
shown), canjing ©xstals of e^ 
per sulphafe, these are par^J 
covered bj the solution, V 
graduallv dissolving maintain tofl 
Fig 277 strength of the latter 

Bneflr, the acbon is as w- 
lofws — ^The solutions ionise so tW we have % 
drogen and copper ions and negative snfchions (80tj, ^ 
positave zinc ions pass from me zme pbte into 
In the porous pot sme sulphate is formed according to 
equation 

Zsa HjSOi K &iSO| + Hj* 
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and* at the aame tim^ i7x& repeated oombuublaons and 
diiaocsatioiui, tin posdave loaa trard, imdar tibe infiwoe 
dt tb deetrie towards the ootei oompaartaant In 
the outer oompaitmeat the podbre cower urns tnvrd 
aunilaaij towaw the copper Tessd, where thej are 
dmsitedandgiTeTiplheardiarges, whilst the hydrogen, 
wmdx has esSered ftoni the nmer compartment, joms 
with the BO|, forming su^nnc amd aoootdmg to the 
equation 

Hf •f CN 18 O 4 s H^04 4* Oil 

Thus oopm 18 deposited on the high potential ^te, 
hydros aoea not appear Ihere, and polarisation is pie- 
TButea X^uentiy sino snl^hate is used m place of 
sd^hono aom^ m whnsh ease we may wnta— 

Sb& + Z11BO4 B [fi&SOi + 

Zn + (hi 804 B ZQ 8 O 4 4* Co 

'CheEMF. maboizbll Tdts (Art 198), and the re- 
Bistanoe (Ait 164) rather but bofh axe fairly 
constant, so tibst tin oeli la nsdol when 
small, but constant emrentB aie lequned 
El Awmip jDontalTs Odb no poroua pot 
18 used, the denser copper salphato s^ 
tm beuig placed at the Wtom oE the cell, 
the hdhte smo sd^te resting on it 
Jundb Odl (^ 277a)i8 a moddca- 
lion, atthebottomisacopw^teaM 
copper sulphate (Bystals, and awve this 
asm or sawdust moiBtened with sine sn^ 
phate sdution, at die top is the amc pkte 

^) 0Bova^ Obld and Bunsen’s OBiiXi--»ln Qxore’s 
Odl the amc, Z (Fig 878), is cast m the form of a U, and 
is placed in dilute sul^uno amd In the bend 
the uorons pot containing strong niteo and (ENQO end 
the high potential plate, via a sheet of platmum. The 
dieiuioal xcaobons 



Fig 277a 


Zq + H^bZdSOi + E, 

Ht 4- SiSKO^ B 2E^ 4 . ^tno peroxide) 
tPhna Iqpdxogen does not appear at the platmum and there 
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and the cell regains its strength , hence Leelancho Cells 
are adapted for intermittent nork, eg clectnc bells and 
telephone calls The E M F. is about 1 5 volts, but the 
resintance is frequently high 

(5) Aooi OMEBATE LeCLANCH^ 
Cfll — ^This tjpo (Fig 282) dis- 
penses Tnth the porous pot A 
mixture consisting of 40 parts of 
black oxide of manganese, iS 
pniis of gas coke, 3 parts of shel- 
lac, 2 par^ of potassium sulphate, 
and a bttle sulphur is heated to 
a high temperature, and, bj hj- 
drauhc pressure, formed into a 
compact mass Tiro blocks of 
this agglomerate are fixed b\ 
indiarubber bands to a rod of gas coke forming the bigli 
potential element Other details mil be gathered from 
Fig. 282 The resistance is less than 
that of the ordinary type 

(6) Obt Cells —The so-called dry 
cells are mainly modifications of the 
Leclanche The ECO type (Fig 
283} consists of a smc cjlmder, next 
to rrhich is a paste, W, composed of 
plaster of Paris, flour, zinc chloride, 
sal ammoniac, and water. Adjmning 
this 18 a pasto -Fi of carbon, oxide <n 
manganese, zmc chlonde, sal ammo- 
niac, and water C is a rod of carbon 
The whole is covered with a case of 
null-board, is sealed with ptch, and 
IS provided with a vent for the es- 
cape of gas The E M F is about the same as that of 
an oidinaiy Ledanchd, but the mternal resistance is much 
less 

The Sellesen Gdl consists of two cjlinders of anc, the 
inner one being porforated and lined with paper Between 
18 a paste consisting of sal fimmomae, plaster of 




As^erurab 


-^fl/ 

amiramat 


Fig 282 





Fig 281. 


Fig 285 


bat the <*-"^1 mast bova been at tJus temperature for some 
time for the relation to be true, for the yanation of the 
EMI* lags bdund the tempeiatnre change. At the 1908 
T pfomn.tinTOiT Conference it was decided to take the EM.E. 
at 15° as 1 4826 -rolts 

(10) 'WEsuoir OJUOMixrji SiAunaKD Cniai— In this cdl 
(Eig 285) meieuty (ilf) is the positire pole, an amalgam 
of mercury and eadmimn (A) ibe negative pole, cadnuum 
snlphate (0 and S) the electrolyte, and mercurous sulphate 
pa^ CP) the depolanser (0 = crrstals of, and S = a 
saturated solution of, cadmium sulplate ) Ijte E M F 
may be taken as 10195 volts at 15“ 0 Cerates 
issued by the National Physical Laboratory take the 
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EMF BB 1*0184 ToiUs at 2(P 0. and at 

aay ienKpQcataiB 0 

00(KM06 (f- 20)- -00000095 (f- soy 

+ 00000001 (t-20)\ 

OeUi gromd tmliher axe oaHed ^'battonaa” ; tiuxe axe three 
naquenliy adopted, Tia eenea iNiraOd, and mixed 

It ihoud be mentumed xa pueuiff that the B M T. of a oeU 
dipenda on the tempBiataxe and on m matenala employed m xta 
ooustreotwa, xtsauidepeiideDtof theaue of the pUtea and their 
dutanoe ipart On the other hand tito internal resiitanoe depeoda 
(1) on the Boe of the^lntea— the laxgar the axea of the platea the 
len the renatance , (9h on the diatenoe apart of the platea— the leea 
diBtance the Uas the renrtanoe ,3) on the cooeentration, eta, 
«thehq[iudor1iiiudBflaiph^^ 2ntMaeelIi0i(hhupe pfcrtea h« 
F ^amxUlwqf(h€$amAkad^hidmlMme 
mu uu leteet ne nrf c wcg TheatodentTnlil nndnafcuid thwe p om ta 
better aflnr TeadiiwpMpber 21 
A good ToltaiQ <dl thehid meet the fbUomiig xeQ[Qiieiiienta *•— 

(1) Ua olaetromobTe fcHcoe ahoidd be bupi and oonatant 
00 ItaFesiataneeahiQiMbeBinalL 
M lb thooldbe faee fronipolainsatun 

* eroabaat ootient for a epMudewMa tam^ and 

(6) Noidiemiealoetion AonUgocninitexeentwhentheoenen 
(o) Ituunddbeooarementandeeoiiomiealinnae 

140. BEngnstdo fiflhots of 
a CnxKOBt.— It mm soon dia> 
corand by espenment that a 
wndfidoT ioKtdi is carrying a 
eurreni hoc a magnoHc fdd 
mrranniingit 

W®orenholein a piooe 
of caidboard, finit in a homontal 

g ^iOD, m«s a mte \ertieaUy I 

^ let a atxon^onrrent B 

^ttrei^theviK ISpnnkle jw ofiS 

oarfboaid and Hg Z8B 

26 
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Qiroles round tbe mra as their common centra » these indicate the 
lines of force in the magnetio field duo to the current (Fig 2S6) 

(2) Arrange that the ouxrent is floning do\cn the ivire. hTore a 

small compass needle found 
the inre and note m uhich 
direction the north pole 

g oints In this case it mil 
e found that tlio north pole 
points as indicated bj the 
arrows in Fig 2S7 (o)i > a- 
tho positive direction of the 
Imes of force is cfodhrrse. 
Bepeat with the ourrent 
flowing vp the wire* the 
north pole will more in the opposite direction, i e. the positive 
direotion of the lines is eounter^aoekwue (Fig 2S7 (ft)] 

(3) Flaoo a compass needle on the table and hold a wire afto» and 
pamlldtoit^asdiowninFie 2S8 Pass a ourrent through the wire 
(a) from south to north, (ft) &om north to soutii, 
and note in whidh dixei^on the north pole of 
the needle is deflected ; it will be found wt in N 
(a) the north pole of the needle moves towards 
Ae loesf, and in (ft) towards the east Hold the 
wire ftefoia the needle and again pass a ourrent 
(c) foom south to north, (d) foom north to south , 
it wiU bo found that m (e) the north pole of the needle is deflected 
towards the east and in (d) towards the iresf 


The first experunent above was oiiginallj due to Axago 
and the last to Oersted The results need not becommit- 
ted to memory , they may be obtamed from the following 
ndes which the reader should verify from the espen- 
meats — 

(1) Asipere^s Bulb, — Imagine a man swimming in 
the circuit in the direeftoa of the current and with hts face 
towards the needle , the north pole of the needle will he de- 
flected towards his left hand 

(2) Bight Hand Btoe — Sold the thumb cfiheiiqht 

hand at right angles to the fingers Place the hand on 
the wire mthihe palm facing the needle and turn the fingers 
in the direction the current ^ the thumb will point in the 
direction in the north pole wiU be deflected 

(8) Maxwell’s Corkscrew Bulb — Imagine an ordi- 
nary right-handed screw to he along the wire and to be 
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iwitM 80 09 to move to the direetiM pf eurr^; 
itredumio uAte&fta Aumb rotatou Aa dtrecbmm iA«A 
Ae north pole Unde to move round ike vdre 
Ibnm (al aaid (d), or (&) and (e)t of eiqpeiiineat (8) 
aboTB^ it follows that d a compass needle be placed at the 
oentre of a cod of several turns of wuei the plane of the 
ooil being set m the inendiaii, and aemient tie passed, the 
enrrents in aU Ae wires above and below Ae needle will 
tend to deflect it m the same dixecboiL and thns a weak 
eorrent IB enabled to produce a defiec^vm; tins is ntalued 
m many galvanometexs (Chapto ZIL), whixih are in- 
stnunents for the deteotaon and measurement of deotric 
enrrents 



Baps (4) Bend a copper win into a omilB of about 10 mohee 
diamotar cad fix to a lumontal Aeet ofcaxdhoaidu dioim m 
S80 Ban a strong entrant 
end obtain the linos of force 
by fifangi as before Mthe 
cnl vitih its plsne m the 
magnetic mcnoian. pfooe a 
cornpui needle at toe centre 
of the ooil and note tlie di- 
rection in which toe norto 
pole la deflected XlusgiTea 
toe directum cf the ningnclio 
field at the oentoc a flic 
cod; m Rig 289 the pon- 
tm dmetum fo aww bona 
toeobeener 

^ Benrm the enmnt 
md rywt (to eaegwamwrt 3^ lum of ioRw irm ba aa befigto, 
but toe directum t» toe field Win be revereed 

direction of flie field at the contra of a ogii 

canyiM a ouixent may be obtained fiom Ae ndea given 
mv^bnt AefoDowmgualsoccmve^ of Ae 

^cc ^ Ac eoiln pf Ae enrrenf ts doohiotee; Ae tmaiiiee dtveo- 
biut vMide fte aaH it amayfiim (ht dbttners 
y tAa ta eomOar-doAittM, the fonftm dmOton w 

wwnn tM oDserver 

WdsadimainFig 290 Pkna oumntaadobfa^tlialinaaaf 


Vtg 288 
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foroe Vy filings and the direotion of thefield inside and ontside a 
oompaaa Bevetse the omient and repeat 

An examination of Fig 290 (a) \nll show that the mag- 
netic fidd m the case of a solenoid oarrymg a cuirent 
resembles the magnetic field of a bar magnet The Imes 
of force leave one end of the solenoid, pass throngh the 
outside field and enter the other end, competing their 
mrcnit through the solenoid itseU In fact, Fig 290 (a), 



for example, corresponds to a bar magnet, the near end, 
at tohteh the current ts evreulabmg doekunse, corresponding 
to the aouth pole, and the lemote end, where current 
IS eireulatmg eounter-eloekunse, corresponding to the norft 
poZs Fig 290 (h) mU serve to emphasise these &ctB 
The follovnng expenments also show the magnebo pro- 
perties of a cmrent-can jing solenoid and oircu& coils 

Exps (7) Arrsoge the ajipaiatiu shown in Fig 291, where m, m 
an small fbccd onps oontaming merosiy and ts, w are wires 00 m 
mumosting with a battery The adenoid is therefore snqiended 


TOOT 





uuuuuuuu 

lig 291 


and free to move m ft horizontal plane. On pasaing a cunrcnt the 
solenoid sets itself m the mngnetio mendian just as a suspended 
magnet does Find also its north and south ends hy means of a 
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Oonstmot appamtiu nmilarto 282 (DoIa BitcTb flMfuig 
liatteiy)^ when Js and O aco plates of zuo and ocppoTi fitted in a 
oork floatug m dilute anlphuno amd. tiie 
plates bamg jouied by a ooil of insidated 
ooppervire Bnng l3w poles of a magnet 
near the ooiL and note tlie xesnlting at&ao- 
tum or repwsioiii and the direotion of the 


From file zestfib of the above ez- 
penmeab the f oUcmmg roles for the 



are deduced — 

(1) Ajifbbb’s BuziI — Imagine a 
man Bunmmtm in Ae ctrau/ti tn Ae 
AreeHon of fib otnrenj and mA he Fig 298 
/oca btooms the tnsuZaqf fib soZenoid; 

AW 10 TiannA wiU he iowrda Ae norA end pfAeedeneid 

(2) Bighx Havd Bulb — Hold fib Awmb qf Ae rtghi 
hand at tight angles to Ae Jingera Flaee fib hand on 
Ae eolenoid wiA Ae jpabn/aoing Ae inside and ium Ae 
fingers tn fib Aieetion of fib emrent ; Ae Ammb wiB he 
teioarefe Ae norA end ofAe aoUnond 

(8) Eim Bulbs — Looh at Ae end ef Ae solenmdM if 
fib onrreRf le ooimteasolookwiBe Aat end ie a norfii, 
ts dodkwise Aai end u a Booth. 

If a bar of iron be placed inside the sdeiund and a 
corrent passed throogh the latter, the inm is ooimEited 

into a megae^t The 
polsxify of the iron 
IS the same as that 
of the soleaoid and 
28 ^ven bj file above 
TvSee (see p. 21) 
Such magnets are 
called " eZeefromog* 
fteU” 



The reason for the 
**end to end” distnbu- 

eateoIaaoleiiaidinUlMgaflined bom 
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three toms. At e and /tne cinmlar Iznes> due to adfacent toms, 
are in cmposite directions and neutralise each oUier Inside, the 
general dimt^on of the resultant force is endentlj bom atob, and 
ontside, from c to d 


rrrr^ 






Fig 29A 


Hg 295 


He 294 gives the field in the case of tvo paralld vfires ean^nsg 
eqnu cnrzents in the rsme dueodoii (doanwards) and Fig 293 the 
field about two paxalld wires caizjing eq^nal currents in Cfpp^eiit 
diieotio&s. 

The student should note that the above ndes are p* 
Fuming the current to be from positive pole to negative 
pole outside^ and should note the diange m the vror&ig if 
the electrozuc current be considered. 


147« Chemical Sffects of a (hixTentr--dEa Art 143 
vra have mentioned the fact that many liquids are decom- 
posed dectndtj The process is termed eZcdiuZynSi 
the liqmd is called the d^rolytet and the containing 
vessd the voUamtter, The metal plates bj wrhich the 
cuneni enters and leaves the bquid axe termed the elee- 
irodes ; that bj wrludi it enters is the anode, that by Trhich 
it leaves is the ljathod>e\ the constituents of ^ehquid which 
are liberated and appear at the electrodes are called the 
tons, that travdbng towards the hnthode being the lofton, 
and that trarellmg towards the anode the anion 
Thus, if the poles of a Bunsen’s cdl be connected to two 
pieces of platmnm foil immersed in water acidulated with 
snlphune add, the passage of the current through the 
liquid decomposes it into oi^gen and hydrogen. These 
gases are bberafed separately at tiie sur^^ of the pieces 
of platinum foil — the oxjgen coming o£F from that con- 
nected witii the positive pole of the (anode), and the 
hydrogen from the other (kathode). B^embering that 
(£9 dissociated atoms (or ions) of oxygen and li^drogen in 
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tihe liquid axe sappoaed to be ciharged reqpecbvdy n^ga- 
tiT^j and poBilavdjt tbis zesult ib jiut what should be 
eipected, for thefw ooimeoted with the poBxtzTe pole of 
the oeilvbemg dialled pomtipdj relatnre to that ooouieoted 
with the negatm pole^ at onoeattraote up to its Bin&oethe 
diflgocnated omiea atoms m its neiglLboiirliood, and the 
diBsoeiated hydrogen atoms seek the other piece. Thus the 
gases axe libetaM separately at the two ulatmuxii ter- 
mmsls— oxygen at the one am hydrogen at the other—* 
and the eorrent is maintamed thiood the hquid by the 
stresan of dissoorated atoms passingnom one peoe to the 
olher 


The ohemioal aeboin m this case is very smular to tiiat 
vbioh goes on m a Toltaie oeIl« but it la essential to dis- 
toujuum cslesrly between Ihe tm eases In tbs ToUaio 
oeiu the stxeam of dissociated stoms is set up by a ditEeirenoe 
betfween the chemical attraotums of the two oeU pi st es for 
oxygen I but mihecaaa jpgt pl st e e 

usM axe exactly snnilar and have no dbenuoal atttactom 
f ^rw^gen at bo that it is only on eleotrifyiTig tliAtif> 

diSsrent potentials, by pntlang wm m contact with the 
p^^ a odi, that the necessary diSerenoa of attraotum 
tor toe dissociated atoms is e^bhshedf and a onxtient 
thereby set im Fmtoei, smoe in the voltaic aed the 
motion of toe diHsoc a ated oxvgea atoms is due to the greater 
attiaobon of one of the plates, these stoms on xeaduim 
that plate combine with it, and toe dienucal action w]^ 
tamtams toe oorrent goes on Ea the case hgre oon^ 
aidm^ neither the oxjma nw hydrogen atoms 


o — ~ xr***^" "" uaaun aaa as mese 

ehargm m rap^ lay the cell to which the plaites axe 
Tray a cnmentu maintamed nnmd the 
cmsmt* and the ehemical deoomponliioa pxoduoed ia the 
raaoltt and not the eansa^ of ita miahmna 


or auMt ti^ttne aai (or of tooKrl - 
Uio Hofiii^a Toltemettf ahown m XHg ; 296 Tiromt^ 


fitteaw,thrtopoo«to;^ Sit -snip”' FtaStETiSS 
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springs a oontral tubs terminating in a reservoir B Two platmum 
eleotrodes E are joined to terminals t, to wliioh the poles of a 
Bunsen’s battery of two or throe cells may 
bo attached The oontral tube and B are 
first filled with the dilute aoid and the 
oooks 8, 5aro then opened The ooid rises 
in the tubes and when these are full 
the cooks are closed and the eurrent 

g assed The result is that oi^gen and 

ydrogon appear in the tubes 3^, 
at the one containing tlie anode and hy 
drogen at the one containing the kathodoi 
the volume of hydrogen being about 
double that of the The ^rdrogen 

may bo identified by the property that it 
bums with a pale blue flame when a light 
IB applied ana the oi^cen by the fsot that 
it i^itcs a glowing spunter 

Wlieii the aoid is mixed wiih 
water it ionises so that we have a 
large number of positively charged 
hydrogen ions and negativelj char^ 
Bulphions , the result of Uie dissoci- 
ation may be written 

H,SO, = H, + SO4 
The hydrogen lonSi under the in- 
fluence of l£e electric field, travel 
towards the kathode, so that hydro- 
gen 18 given off tlieie The sulphion 
'^trav^ ” in the opposite direction 
and at the anode ive get ^e reaction 
S 04 + H,0==H^S0, +0, 

BO that oxygen is given off there 
Uomouung these two equations we have 

H,SO, + H,0 = H,SO, + H, + 0, 
and deductmg H^SO^ from each Bide 
H,0 = H,+ 0. 

BO that the fin^ result is just the same as if -water had been 
dmompoB^ The electrolysis of dilute sulphuno acid is thus 
often of as ^e dectrotysis of -water Pure water 

(t « without the Mid) cannot, however, he decomposed 
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with water forming hjdrocihlonc acid and bberatmg oxy- 
gen, and some forms hypochloroos amd, etc 

23ie electrolysis of j^otatnum todide yidds free iodine at 
the anode and hydrogen at the hathode, thns — 

BIsE-f-I 

2E+2B;0 = 25:H0-1-H, 

This famishes a very dehcate test for existence of weak 
cnzients The free iodine turns starch paste bine so that 
if the tenmnals of a circuit be placed a short distance 
apart on starch iodide paper the pomt-atwhidtthepositiTe 
terminal rests is indicated at once 1 ^ a blue dot 

Sxp. (8) Ehetniyat of amper ndptote {OuSOA —Place two pieces 
of platimim foil a short distance apart in a beaker contaimnga 
solution of copper Bnlphate Pass a ounent through the bgmd. It 
tnll be fonnd that laetallio topper u d^poated tn a thm taper on the 
hathode whilst oi^gen is libmted at the anode, the aotiona henw 
emessed hjr the egnatiains CnSO^ s Cn -f SOj , SO| + B^O 
sjBEjSOf 4* O Bererse the cnrtent Co{mr will be deposited on 
the new kathode, the eimier previonsly deposited wdl gndnaU} 
duBppearftoffl fhenewanodeand then o: 7 gen will hehbentedtheic 

If copper electrodes be used intbe above, then, as before, 
owper IS d^Bited in a thin layer m the katiiode The 
SO 4 attacks the copper anode formmg CaSO^ , some slso 
joins with water forming sulphunc amd and libaratnig 
oi^gen as pienously shown Again, the oxygen may com- 
bme with me copper forming copper oxide and this may 
again dissolve in sulphunc acid xormu^ copper sulphate 
In the majorify of cases the action at the anode is m the 
complex character indicate^ but if the copper anode be m 
such a condition that it is readily atte&ed the SO 4 
copper is merely taken from it to form GuSO^, and the lost 
tn vieight of the anode vnll ie egntd to the gam tn vmght <f 
the hathode. It looks, in teciv as id copper were merely 
earned through the liquid from one plate to Ihe o&er, the 
average concentration of the liquid remaining the same 

Exp. (4) EUetrKd^ aj tSeer mtraU {AgKOA —Repeat the m- 
penment with a swation at sdrer nitnte (a) with platuma eiee 
tr^es, (hi with silver electrodes Besnlfcs similar to (boss mra 

boned above will be obtained in both cases silier will be deposited 

on the kathode^ 
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Tlia aiboTB QxperiiDBiitB illiilixaito tin msthod of elfictxo- 
platuig, 1^118 to nhw^ato an ixon qpoon it nnut bBnuLds 
tofoim tiie fadihode m a silTBr adubcn, the anode hemi^ 
Bdrer plate. pEaotioe special anangeineats have to oe 

inade m orto to get acoherent lajer itlbdi inll aftennurda 

take a g«M>d ndi^ 39 >e following pranta, howerer, may 
he mentumed — 

SxsrsBPUixire — 'iL«ods = Stiver; SZeefrolKts a: Solu« 
tKm of doable (^amde of rilver and potassnim 
IfjCKSEivuxiire —AnoAt = Hiofal; Sleeinigte = Sola- 

s^«nAlml-BwimAimva«M MilvaTiaslA btiA aLWiimmilinm anlThllft^A 


CkmBBixJLTXHa — ^^nmfossOopper I Blech olgte^Bcilxi- 
ticHL of eatppcr Bolphate 

ExaBOX!Eoca£DiTO---.inod^ Blecbn^ftcssSAvL’- 

tioa of donblB qramde of gdd and potaasuim. 

Uoah clecfarcdyteB, lika tliOBe desonbed abcm, azehqmda 
It ia not^ lumemp elvaya uecessaxy to make a aolubm of 
a salt m cacdet to efikot its elecmlfBUf for maiiy aaltflg 
aspeoiBlly ddondes, irliea fosed ooddiui dectrolytuall^ 
Thus, wliBn fosedi afivoTf magnosnmii and al nminir mi 
dhlondes axe xeadilj decomposed by a oaxient^ the poxe 
metal appearmg at the kathode This^ in is one 
important meihra of obtauung a nomber of metala in a 
mixe atatOb and the metal potewnm ana ^t diaoorexed 
m Sac Smx^lOT Ba^j hy snlqectang the sohd hjdmfce to 
eitootKolysis Ttuc luxate xraa allowed to mbqneaee 
slightly, BO as to heoome like a paste, on passing a 
strong current through it, it qnuddy liquefied, and tanoXi 
globiueB of potasshim appealed round l£e wire wheie the 
eorrent Idt the hydrate The metal heiFe appeared in a 
free state hecanse there was not sufficient wa&r present to 
eomhine with all of it as it formed. InmdentaUy it may 
be mentioned that many snbatanceB axe now obtained on 
a comnteretal scale hy eleofcroljsui, eg metal^ sodium 
(Castner process), oauabo soda and dhlorine (Castner- 
Sdiner process), metalho cdomm, aluminium, etc 
The preoediBg ate the more dementaiy pemts m oon» 
neotion with the dhemioal effects of a current , the subjjeot 
is mors exhaustndy dealt with m Chapter 217. 
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148. Heating’ EiTects of a Current --TLe fact tbat a 
conductor is heated bj tbe passage of an cicctnc current 
IS Trell known owing to its application in cicctnc Jigbting, 
etc I tbe following expenments are, howeror^inslnictire — 

Sxps (]] Join the pole* of a Bunsen's cell h} a cbort piece of 
iron ^nre al>OQt bnlf a nixlbmetro in dnmete*' Hold tue wire 
between the fingers; it gradtuUj beconcs hot^ and in time las} 
become too hot to touch 

(2) Take Eho*t pieces of thick copper wire, thin copper wire, 
platmnm wire iitn wire, and nicl cl wire of equal lengths, end 
i&sten them end to end Connect tbe ext^me ends to a Intic*^ of 
tbreo or four Bunsen’s ccUsl The «anic current flows through each, 
but the beating cfTect m cieh is difiercnt. Tne platinnn, iron, and 
nickel W 1 ZXSS ww, at difierent rate", probably become white hot, tbe 
thin copper wire may pnobib^y become red hot, but the thick 
ct^psr wire will be only slightly heated 

Now, ereiT substance offers a certain amount of oppo- 
sition to the passage of electnexfy through it, and this is 
teferzed to as the resistance of the substance , tbe exact 
definition of resistance is given m CSiapter XI In de- 
creasing order of resistance the substances given inaj be 
aixangM as follows : Platinum, nickel, iron, thin copper, 
thick copper. Hence we may conclude, in a general war, 
tbsA the heal prodiicei depends on ike resistance, being 
greater the greater the renstonce 

Ezp (3) Connect a piece of platinum wire t|y copper wires to 
the tenxunaU of a Bunsen^s cell and note the beating effect , dis- 
connects Now jom tbe positive and negatne mles of anotbff 
Bunsen’s cell to the positive and negative poles of the first cell, and 
once more connect up tbe platinum It will be noted that tbe nse 
in temperature of the platmnm is much faster than before, showing 
tbe derdopment of a greater amount of heat 

It will be seen later that joimng the two cells as above 
resnlts in a greater current m wire; hence we mav 
concinde that (he heat produced depends on the current, 
being greater (he stronger the current 

By ffllmig the temperatnre of a cell before its poles are 
connected, and afterward when the cnirent is flowing, it 
is readily seen that heat is produced in the inside as vdl as 
in the outside circuit Pnrther, from the various ezpen- 
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meats 'we may TessonaMy oonoltide that ih» hui proineei 
demnMboAwtimei&siM^greaim tte greater <&s<tiiw<Zttnttg 
Bimeh the eiHTeiif 

TLb sbore er paarng ntB bib mereLj of a general dhaxao- 
ter , u Chapter XU 1'. it mil ha diovn thait the foll 0 ving 
ate the enet lava xelatuig to the heating efEeuta ol a 
onnent — 

(1) !Z%e %eaf pniueed u rnvpmiumil to fits reeiefoiiee. 
thin, if one mxe has twice tee lesutaoce oi aaothei, tmee 
the anumst of heat will be piodoced m it by the ■nym^ 
onnent in the same fai"* 

( 2 ) Theluatproiwedwpnwhenidio&etquian 
eimeai, thna, if the onneni novuig thioimli a Brire be 
doubled, fonr tmiea the BaMnmt of heat mil be pt^uced 
in the aame tune 

(8) Tkt httd produced is froporHowd to ihe time ihe 
ewnentfinu 

In nmbolB Hoc PBt, when S denotes the heat pio- 
dneed, I the onnent, £ the lesutanoe, imd i the twnf ^ 



!rhe whole salqeot of the heating efEeots of onnents la 
more eutatuhTely dealt mth in Chapto “X m 


1^* Path of Bneegy in the Ctaxonit of a Voltidii 
wuL— inapeahing of the ononit of a Toltoio edl aaod of 
w onnent in this oixenit, it is ooneiiient to speak as if 
w dechicel aetiona going on wera confined con> 
dws^g omnit It mil, howcTer, be understood ftom 
( iraat baa been said in disoussuig enei^ m an dec- 

tncal fidd, that the aether medium sunoun&ns die euemt 

> » really iita rehiole of the deoteioal ener^^berated ly 

1 
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chemical action m the cell If the circuit of the cell is 
not dosed the termmals of the coll aio oppositolj chained, 
and tubes of force pass, ns shown in Fig 297, from one 
terminal to the other, and each tube of force is, as 
explamed in Art 97, the seat of a definite quontiij of 
energy When the circuit is dosed these tubes of force 
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traTel outwards from the cell as indicated in Fig 298 
As the ends of each tube approach each other along the 
conductmg circuit, tlio enei^j in the tube decreases by 
transformation into heat in the circmt. The eneigy from 
the cell thus passes to any pomt m the circmt thnvgh 
ihe iuOier, and the conducting circmt through which the 
current is usually said to pass u the eircuit along v/htAihe 
ends of ffie Mtes move , it^ternunes the direction of trans* 
mission of the energy, and is the seat of the transforma- 
tion of this energy into heat The resistance of the 
cixouit must from this point of view be associated with 
the rate of dissipation of eneig;y m the circmt, and may 
be defined, as wiu be seen later, as the ratio of this rate (n 
dissipation to the sqnaie of the cunent strength In &ot 
if the heat, S, be expressed in energy umts, TT, it will be 
seen latei that the statement E oc PBt (Art 148) becomes 
W = PBt, and therefore B = WfPl, t e Wjt — P (Art 
255 ) 

Poyntug’s Theorom treats in detail the pnnoiples outlined 
above, and shows that the paths along whioh the energy 
through the medium into the oirouit are the interseobons of the 
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cleotaKWtfttui MW* Bugofttio 0^iinot6iQtiBi Biit&O 08 la the euo of a 
tdflenph oabloi for ezam^ the magnetao lues an oixoles about 
fha wire, and the magnebo eqmpotratiaL ani&oee are therefore 
planes passing throngh the wire the deotrostatio bnee are xadial, 
and (owing to the fuTof potential aloQg the wire) the deotrostatio 
eoupotemal satfsoes are hrnata of ennes • the lines of mtemeotum 
tt these two surfiiwe are the lines along whuh the deotrfoaleneKgy 
tnrela faom the mednun mto the oronit 
The student ahonld note that injpraotioe a o oraeii t is regarded aa 
aflowof **deatnoit7’*(poBitiTe)Romth6poBitiTe to the negatm 
pole in the ontnde onomt. On the above view the oaxrent oGnsista 
of the pease ge of tabes of fotoa aoroes the field, the positive ends of 
the tabes moving in anedireotum slang the wire and the negative 
ends in Ihe other dneotum la a lator dhapter a ounent vw be 
viewed ae a trsnsferenoe of eHeotrons (muative) m the opposite 
dneobon to that nanally regarded aathe “oueotionof theonxvent.” 
The atndent wiU understand theae viewi bettar, and be eble to 
oonelate them, later 


160. Other Bfibota of a Cnzrent.— The efieot of aaeleatno 
mumit m stumdating the nerves of a Imng body belongs rather to 
Bibliology than to Phynoe 

'When eleefanoity under a and intennittent prasaim la 
passed throng^ a Taontim tabe a oocpneealar disoharge, known aa 
XsAoifo rapa pasaaa in the tobe^ axu if Ihe tabe la amtahly ez- 
hanated mnsible mys, known aa SSntgen raj/§, or X rajp, emanate 
from Ihe tube The dsetnoa^y oansed Gamma nips«Jbom radio* 
eobve bodiee^ axeeomewhateimilarinthBirnataretoXzaye 
When eleetrioity under a high pressiim duohaiga b etween two 
rohetOB, say, m bit, JJejtaan imtes are eeb vjjf under certain oon* 
ditunia, theia are tbewa^eavtihiedinwireleBs telegraphy. 
teases ara also of an eleotnoal onm 
la^t waves, Hertzun wave& X rays, and Qammn rays are aU 
eleotnoal in oxigin, end are reelly diSnent tatas of vibcatum of the 
fffcy t h^t wa\ea are aether vibratioiiB of a hider rate than 
Hertauu waves, bat of a lower rate than X rays aim Oamma raye 
Kathode rays, on the other hand, are not aether waves, bat ni^a- 
tivj^ ohamd eoepiisoies or eleetroiis 
Tnese rsmant efibots wdl be diaonssed in detad in later ehapterSi 


SmeondBoa Z. 

Seobon A. 

(1) Bsplain looal ootam and pcdansattoo, and show how theseaze 
avoided in Domeli'a cdL 

(2) Qmabnef aoommt of eome theory pot forward to ex^in 
the aofcum of the sna^e cdl 


80 PA1MAK7 C£I*LS AM) OBNBRAIi CFFEOTB OV OUKREMS 


(3} Olvo oomonicnt rules (a) to dotcrmine tho direction in irliioli 
A oompASB IB dcQcotcd by a ourront, (6) to a«certAm tho polarity of 
A solenoid cnrrj ing a oarrent 

(4) Desonbo Lcolanoh6*B cell Why does its K M.F diminish 
\7hon it 18 short-oircuited f 


Sootion B. 

(1) You bavo Aoooss to tho terminal wires of a hidden batteiy 

Eimlain how you uonld toll which wiro was oonnoctod to the zinc 
Ana which to tho platinum pole of the liattoryi byobsening what 
happonod when tho nircs were connected to tho torminals of a 
Toftamotcr containing n solution of siher nitrate (BE) 

(2) A Mirtioal partition of porous eartbenuaro is fitted into a 
tumbler^ end dilute sulphnno acid is poured into eaoh eompirt- 
ment Bods of common zinc and copper arc placed rcspeotircly in 
tho two compartments and conneotea by a wire StAto what will 
bo obsor\cd with regard to tlio molution of gas» and how tho ob 
6or\od plionomcnA will bo modified when copper snlpbatc solution 
IB poured into tho compartment containing the copper rod (BE) 

(3) An cloctrio current (which is tho Game in all tho parts of the 

trough) flows lionzontolly in a trough fijM with copper sulphate 
A rod of copper is then supported honrontally in tho trooghi with 
its length parallel to tho dfirootion in wlutdi tiae ourrent is flowii^ 
How will tho rod bo afTooted by tho enrrent^ (B E ) 

(4) Two long wires are placed parallel to eaoh otiicr in tho same 
honroiital piano and in the magnctio mondtan A mametio 
needle oapablo of turning in any direction about its point or bub 
pension IS placed half-way between thorn Haixr will it bohaTo if 
tho same olcotno current fiowa through tho easterly wire frw 
south to north and through the westerly wire from north to south * 
[The action of the earth on the magnotio needle may be negle^ ] 


Seeiiott C 


(1) Explain tho meaning of tho term, and the cause of, pclenw 
tion of A Toltaio cell Give two instonoos of the use in cells m o 

depolonsor , one being an instance of a cell wifii a 
trdyto, tho other of a cell with two electrolytes (Inter 15 oo.j 


(2) An eleotno current is flowing olong a ^vire You ? 

pivoted compass needle, and are required to find out by its oiu 
which way the current is flowing How would you prooeod (a; « 
(he wire in question lies horizontally, (6) if the w irorauB^ erticauy, 
(e) if the wire is owled up in a oiroular eoil or ^ g ) 



CHAPTER XL 


pmm ATiflTawTAT. DEFINinOira, UNITS, ANP 
THEOSY. 

151. Cnxmat SfarangUi and Qoaaii'tyd — Ooundar a 
pipe, AS, Hhnnu^ wbicih iTator u flomng stoacblj fmm A 
to B ^mo oC the sixengfiii of this iratn onzzoit 
wwLj 1)0 obtuBod from a Btatemsnfc of tho quantity of 
water entering A, leaTn^ B, or paaring any eectum of the 
ppe in a dSmte tamo, say one aecond; in ahori^ &e 
ttrengfh qf fie etoreitf may c 0 Been{«i% he A^meA at 
(iw note qf ybio qf footer through the pipe Aoceptiog, 
tL^ this definibioa, the total guanMg fiomug pari asuf 
Moetton tn a gieen tune leiU obotouriy he oWatned ty toe 
mudvet qf the auirreri tfrenqA and the tune «n eeeonde 
foit^, wlimi the pipe ia qmte fnU, the qnantdy enteni^ 
A pw aeoond moat oe equal to the quantity leaving B or 
pasnng any section or the ]^pe m that time, however 
uneven tiie bore may be; tiiat is, the eurrenf etrength te 
the eame at an porta qf the j^pe 
q^iese etementaay ideas nave thdr eleetneal analogies 
"Cnxxent sfaiei^tlL" is definefl as the quanUtiy cf 
eleeteieity paoeiiig any seotion of the oo^notw pen 
aeoond, t a os the rate of flow of eleetrioity is. the 
tiurouih >md the total guamiiig tthieh poasea tn a rioted 
period ta gieen hy the produri qf the earrant rirengBe and 
the time tn aaeonm , stated algebialnlly, I doiotea tto 
oniient strength and Q the quantity transferred in t 
seconds, I = Q/f and Q — Jt ISonher, the ewrrsnt 
rirenyth ia the aame at all parte qf a eintpie eondnetor, ba1« 
as we have seen, there u a fall of potential m tto 
dureChon in which the cnnent is flowing 
H jLxnn 81 
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In Art fiO the 0 G 8 1 or absolute eleotroataiio umt quantify 
has been defined, and if the qnantily Q be meaenred m these imita^ 
the ratio Q]t inll be the ouirent ettwgth in eleotrostatio unite, 
thus OitOv 8 ihetmtatte tout tamant u OuU current m vHaeh an 
efeetrostatM unit quantity qf didntxly %a convey^ across eacA section 
of the eonduetor in one sece^ For leasona vhioh mil appear later, 
the eleotrostatio mute are unsuitable for meaaareinents in ourrent 
eleotnoity, and others, known as **008 etectromapnetie unite” 
(and “pmetwd units”) are employed 

We have referred to the mt^eba effects of a current, 
and m the present hranch of our subject a ourrent u 
measured m terms of the intensity of the nu^^nebo field 
produced at a oven distance from the conductor carrying 
the current Consider a wire bent into a circle of ramus 
r arbitrary units, and carrying a ourrent strength I 
arbitrary units , invesbgabon shows that the intensify, F, 
of the field at the centre of the mrole (t e force in dynes 
on unit pole) is — 

(a) directly proportional to the ourrent 7, 

(b) direotly proporbonal to the length, fiirr, of the C3^ 
onlor oonductuig path , 

(o) invorsely proporbonal to the Bq[uar8 of the ladiue, r, 
or, stated algebnocwy — 

Jf-oc^ooM = ^ 

r* r r 

where is a constant depending only on the muis 
adopted. 

Now let the unit ourrent be so chosen that with r in 
cm and I in these units the constant A becomes unify 

the above, so that Fs=: m which cose, if J be unit 

r 

onnent and r be 1 oenbmebe, F will be 2jr dynes , henc^ 
gha C.G.S eleotromagneiio unit current is that 
urhioli, flovnng in a single einmlar ooil of 1 cent^ 
metre radios, exerts a fbree of 2ir dynes on a unit 
pole at the centre. * . 

4giMii, smee 2ir cm is the cuoumferenee of a arele oi 
ladius 1 cm , if we consider the force due to wot length of 
{he coil, we fod that it is 1 dyne, hence— 
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Xhs 0.0.8. deotaeomag* Tb» Bv^rtiioal wait «nus 
netio unit onveatlstiiat sent is ihA ampe(n« frliioli 
vldcflw flowbig in a is ^ of the daotiromagi^^ 

one centimetre Icmg heat nmt; in the case i^posiie, 
into aa aice of one eenti- the ampere 'woold exert a 
metre radiOB, exerte a force m 1 djne on tto imit 
ftvoo of one dpne on unit pole at the oeotre. 
pde^at Uie oentce. 

1 eleotroraegnetao o nr tsn t vmtsSxlO^ dbotcoatslao oumnt indta 
1 smpen » ^ e m mat » 8 x 10* deotxoitatM cnitB. 

Smoe Q=It, nnib eaxtenb flowing for mut time wiD 
xesnlt m Ihe txansfer of unit quantity; hence — 

She 0.0.8. deotromag- She praotioal unit 
aetiounitqpaatLlcrisIlie gnantlty is the csiulemb; 
quantilgr oonveyad by the die eoulomb is the quan^ 
deotromagnetaounitonv-' tity co n veyed by one aaur 
xent m one second. pere in one second. 

I dflotaomagnctio quantity unit 

as 8 X W* cleotraatatio qnaably nmts 
1 oodoiab IS e m. mat as 8 x IQP deQflxcKbtttio muta 


She above are the ei a cfc definitions of the eleotro* 
magnetio units of eonent strength and qnantiily of 
^ anpeve and tm. oonlomli, bnt the ftTnwninft i 
effie^ of a euxient may be ntalued to nnmde oonTenieiit ' 
vmrkaa defimtioxiB of the Taxioas oaia, mifl Mna ig fha 
adopted Ihe Standazds Oommitbee of Ihe Board 
Imde m its le^ defimboa of the ampere and coolomb 
consider a oopper ralphate voltametBr (Art 147) 
with eo]^ elnsiK^* <m passing a euneat oopper u 

the Icathoflei end oantnl experiment 
estabhsbed the ftets — nu 

(a) Shat one ampere in one second deporits 0008298 
gtamme of oopper | 

That tiie dmimcd action, is pmngwf tl ntnfj to the 
cnnent strength; 

thecunmt ™ pioporlaonal to the 
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Thus from (a) above vre have (he follo’cnnc convostcnt 
dcfijutton of what is referred to as the intevaationnl 
ajnpore, vir — The internationnl ampere is that 
steady current which, flowing through a solution of 
copper sulphate, deposits *0003293 gramme of 
copper on the halhodc in one second. 

The Standards Commit too recommends the use of stlrer 
nitrate ns tho electrolyte, and the legal definition of the 
utemational ampere is — ^Tho international ampere is 
that navatying current whi^, when passed throngh 
a solution of nitrate of silver in water, deposits silver 
at tho rate of 001118 of a gramme per second. 

Tile Internationa] ampere ira^ of course, intended to be 
a practical rcaiisition of tho true ampere of 1/10 absolute 
unit, but to bo exact li is a vctj htile hf* than the 
tme ampere (about 025 per cent ) jFor experimental 
and calculation purposes this «light difi'orence may be 
Ignored and tho true ampere tahen as depositing *001118 
gramme of silver per second, or 0003293 gmmmc of 
copper per second, and tho electromagnetic umt current as 
depositing 01118 gramme of silver per second or 0032*>3 
gramme of copper per second from the respective solutions 

Again, smeo unit current flowing for unit time gives the 
fxansfer of uut quantity, the iutematioiial conlomh is 
that quantity which liberates 0003293 gramme of 
copper firom a solution of copper sulphate and 
*001118 gramme of silver firom a solution of silver 
nitrate. Farther, neglecting the shght difleivnce men- 
tioned above, the tme coulomb may, lor calculat’on pur- 
poses, be taken as liberatmg 001118 gramme of silver or 
0003293 gramme of copper, and the electromogaetio i^t 
quantity as liberating 01118 gramme of silver or 003 -.o 
gramme of copper from the respective solutions 


Another quanUtr nmt» the “ ampere hour, ' is cmpIoveA An 
ampere-hour u the quaati^ oonveyed hy a current or we 
ampere flowing for one hour (1 ampere-honr = 3000 oonlomns? 

It will bo seen later that tho emstenco of a 
(neratire) electneitv— the electron— hu been cleiriv cstaWwnca , 
qnantities emaltcr than this cannot be obtained TJiis nstnral 
quantity or “ atom ” of eleotnmty » cqnal to 4 65 x 10” elecw 
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■tatio qaantilgr wats, or 1 65 x l(h*® deotromagnetio 
nmtai or 1*55 x 10^” oonlombB 


Xbrom the praoeduig it foUotra that if a eanoDt of I am- 
peres flows thzoi^^ a solutioii of copper sulphate 
seoinidB, and if w grammes of ocq^^per oe deposited om the 

fos 000S293 xIx^ 


•• OOOSWfyTt" 

an expression from whudb, hnowing w in grammes and I in 
teponda, an nniknown. ouneint of I amperes may be deter- 
mined 

2As amoiMii qf an ton Ii&srafrd in sfsc^rolpsts oy wnt 
tntnent in unit inne, iB Jfy wwt manMiy^ ts ooZZed tte 
** deehB-BhmoBoi tmwalent” ^ tSe «», thus 008298 
and 0008298 axe ^ absdlntB (or OGtS) and ampere 
elaobn-diemicaleqmYaleato of copper iBspec^^ Hmioe, 
if a denotes && elecho-c^enncal eqtdvalent of an losif Ifre 
formnlaB pievionslj gmn may be put in the genecalfonns 

(1) f0=:*B, (2) 10 »«Q. (8) Ir=«. C4)Q = ^. 


16S. ggaHmlnBay Vote m TTsits of Snorgy aaid 
Powor. — ^We bare bequently xoEened to the dyne an the 
O.G- S or absolnta oiub of force, uid to tin "P as the 
OG-S or absolnte tout of trork or energy The erg, 
being small, a laxgeor xmit of enenOT, known as the joule, u 
often enipikreed, it u equal to 10^000,000, t e 10* ergs 
Powef 18 defined as " rate of workuog,” t e itis measuied 
by the work done in wab tune The O.G-S. or alnolate 
niut of power la one erg par ceeoad, but the huger unit, one 
}ovZe per eeeond, is often em ulo n^ , it is known as the 
leott ItiB shown in OhaptorJLu tfaattiiBieilabionhetween 
the watt and the Bntiah graTxtahonal power unit, m the 
lorM^Dieer, la that the horse-power is equal to 746 watts 
Stall unier unite of oaengr, ra the unti-fiour (8600 joules ; 
' or 8600 X 10' ewa) am the kdowatukow (1000 watt- i 
hours}, and a attlf largar unit of power, tis the htoieaU i 
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(1000 vmtts s= 1000 joules per second), are also emplqjed 
in electneal irork 

These vonous amts of energy and power are defined 
from an electneal standpoint m Art 156. 

163. Potential Difference (P.D.} and Electro- 
motiTB Force (E.1III.F.). Irreversible and Beversible 
Energy Transformations.— In Cliapters V and TI po- 
tential has been defined as that electneal condition which 
determines the direction in which olectncitj will flow, and 
it has been shown that the P D in electrostatic units between 
two pomts IS represented numencalljr bj the work done m 
ergs m the transference of the electrostatic unit quantity 
from one point to the other Sitmhu' reasoning applies to 
the present branch of the subject As a simple illustration 
consider two points A and P in a simple wire through 
whidh a current is flowmg in the direction A to P, and in 
whieh, therefoio, A is at the higher potential fllie con- 
ductor AB 18 heated, and by the law of conservation of 
energy this heat must have been piodueed at the expense 
of on equivalent amount of energy wliidi has disappeared 
from the electric ciiouit , we have m short an energy trons- 
formaiton between Hie two pomts, dectaic energy being 
transformed mto heat energy 

Imagine, now, that the dectromognetic unit quontily 
^ 0 10 coulombs) passes from A to P and that w ergs is 
we energy which, in this case, is aubtraeted from the electric 
circiut and appears as haat , the F.D between the two pomts 
IB 10 dectromagnetoc units of potential If the umt quan- 
tiiy ya foreei from a low to a lugh potenlaal work must be 
done on it, and eneiOT is added to the electnc citcuit, but 
m either case tkePB tn eUdromagnetie umia between 
&e two pomts ts ryiresented mmerteally by the amount 
qf energy transformed in ergs when ffie eleetromagnetie 
unit quantity passes between the two points, and thmefore 
if'&e energy transformed be one erg the FD is one 
Oct’S dectromagnetic unit of potential 

The practical unit is the volt, which is equal to lO’deo- 
tiomagnetie units, dearly if the P D. be one volt the 
energy transformed will m lO’ ergs when the eieciao* 
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sagneho xcoSt qnain% jmsBt «ad fiberefoxe A of IQ’i 
lO* ergs or one wlien (me oouixnab pessee* 
Saoee^ 


the P J). hefeweea tvo the pKaotteal viSt Is 
poiatB 18 one MS, dee- the Y(dt the PJ). he- 
tcomagnetie wilt If twees two points is one 
energy tsansfiirined k wdt If the energy treas- 
one erg when the tleo- tomed is one Jc^ when 
tromegnetae wiit gnan- one eonlomh t£ eleetri* 
tity passes city pames. 


IdedxoeugnstuiimtK deoteostelwwat 
iimta m l/OW deotcoitetu im^ 

jao ktemticmal Tidt firtadi is jitsl a htfe h«or 
wisn the aooiTe true wdt of em nmti) u in 
Art 154 

ThePB heiinreentm»po!mk!9,mpxafit^ 
tones celled tlm**presBate’’ aodsofmrtunwtlm^TdU^ 
hetmn tlm two pomts 
Ancithertemm frMneirtiinu**sd^^ 
mfened to m Art lAs Tb lUnsIzateitB miMnng fnrthsr, 
otmnder a battoy m ojwa etrom^ Le. with the entside 
ommrt duconneotod ; imagine an eleotrostafio wiltmefer 
lulled to xls tenumah aim that the teadw m 50 volts 
thu nmosores the total peasm it u 
sad thiB toU ptesnue piwa 5 p fta FR d ik fermSu 
^ elecbfimwIaTO force (BMP) of the 
* “ the outside enomt he now switched on, the 

Toltaneto zeading will M im amonnt dependnm on 
^cmnstSMes ; im^e the reading u now ATvStai thia 
measiTO the teen^ ondar pre 8 entoonitifl(na,ie 
ttmvoltanBBdmdTmng 001180* throuA^TSS^ 

^ other tlm vdlta bemg oaed m driving the 
STS hat- 

SnS-Li *T«*h^ihat 5 E 

teSTsS “f *r*“^“* *“ awHrawa 

tS* jP* ** ^ fanniml, on ppm Bh mrtt., 
wiien the enneat Ann lihe tenmnel P.D mnr he tan 
flni«iMoiauigtoom»inita^ 
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(he E M F To express the foots algebmicallj, if E toUb 
bo the E M F , e volts tlio terminal F D \tben the outside 
circuit 18 closed, and V the volts used in driving the 
currant tbrougli tbo batterj itself^ 

E = e+r, .cssE-F and F = E — c, 
as Tras stated m Art 143 

All these points in connection n itli the trorking of a cell (or hat- 
toir) may probably bo moro easily understood oonsidonng the 
following njdroBtaliQ analogy Lot ABGD (Fig 2S^} represent a 




oiromt of pipes filled wiih water and liaving n slop oook at T and a 
small padalo wheel at W By rotating tlio paddle wheel the water 
oan, when T is open, be dnven round the oirouit in the direction 
ODAJ3 , but if 7 js closed, then no oument enn bo produced, but 
the wato js dnien into the tube DA until tbo pressure duo to the 
diFereneo of le\ol in Uie tubes DA and OB is sulBoient to balnnoo 
the foroo exerted by the dm ing wheel at IV The left-hand draw- 
ing in tig 299 indicates this case, and the difibrenco of level is 
a measure of the driving force of the paddle w heel When, how- 
ever, the cook T is opened and a current established in the oirouit, 
the levels in the tubes DA and CB change in the way shown in the 
nght-hand drawing of the figure, and me dtffcrenu Itid in the 
verboal tubes is now oonsiderably reduced The work done by the 
pod^e-wbeid is now roont in driving the current of water round 
the oircmtk and the aifierenco of the levels at A and B (e) is a 
meosato of that portion of the dnving force of the wheel whioh is 
spent in driving the onrront tlirongh the tube AB 
Now this h>arostatio arrangement roujghl}’’ illustrates the aotiw 
of a Toltaio oeU— the pressure exerted by the paddle wheel at w 
oorroaponds to the oleotomotive force of the cell, and if AB rem 
sent ue extonaal portion of the oiranit, the diFerenoe of leielsat 
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A and B repremiti the difibrenoe of potential atthepolaB of the 
odl Benoe ve see that when the oiremt la open and no onnent 
flows, the potential difference at the poles is a meosnce of the deo- 
tEomobTelomof theee^, bnt when the ocenitu dosed, it n only 
a measnie of that portion the deetromotiTa foree which is spent 
m dtiTing the ontrentthronj^ the external portion of the ciromt 


The preceding explains whab for pmefeenl pwposes may 
be takem as tte dutuustum between PD ana EMP , 
f&s latter fern should ha used nhen rrferrmg io ihe Mai 
vmnue dend^ud, idtuA total jpresawre ts gvoen hy the P.D. 
oettosea the fommaZs on open etroutt, the former oikoa re- 
fming to the joemre hdwsen two points tf fte otreutt. 
The fme distinotioa, hewerar, between PD and. EMP 
will be gathered from the following considerationfl rdating 
to revemble end ttBeTemble energy transEonnationB. 

We hare seen that when a oorrent flows along a snnple 
oandnetor an energy tranaformation takes ]^ce, energy 
bemg suUraefed ftom the eleotno oaomt and appeairii^ as 
heath If the same onnent flows for the same tim in the 


opponta direction the same energy txansfonnatum takes 
plafle and the same amount of heat u prodosed Such an 
eneroj transformation IS tiierefote Budtobeirxeiversible. 
It monld he noted that in both eases energy u rsmoosd 
from the eleatne omsnit and m both cases then w a tf 
foteatud in the dtrsetton tn uAieh the emnrent u pamny. 

Oonnder now a DanieU’s cdl giving a cnixent In the 
osUIUb eonent flows from rinofo copper, smo passes from 
the dno plate into solnbon and o(^pm u deposited on the 
copper ^te from the solnbon. ^e dissdlTing of the 
Bmo libostes mote energy than is reonind to deposit the 
copper, the snrplns eneigy being addid to the deebie dr- 
em^andt&ers is a rUe ^pofeittial in the duweboii tn uAteh 
the ourrsat is passing, i e the eopperisat a higher potential 
titan the sine. Howimsgine tlmt another generator wwidii 
aouirentthroa^thiscdlfromeoppertoBiiio Theaetions 
win he rarers^ eopper being dissolved from the copper 
plate and sum bemg oepodted on tbs sme plate The ms- 
Bolving of the copper bberates less energy aIhiti u reqpmd 
to depodb the sme, the deficit ben^ snifntofsd from the 
deabmeuenib and Aers u a fall qfpeteK^tnihe dmehoa 
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vti vihxdh the current is passing In this cxamplo tho action 
of ono current is oxnoUjr reversed bj’an equal opposite cur- 
rent and tlio euoi^j transformation is said to be rever- 
sible. Now — 

(a) WbeDo\or a potential diflbronco exists botneen two points m 
a oirouit an ooetpy trousformntion ooours between then 

(b) Jf Hit entrgif transformation tscomjj^etdprcvcrsibkihe p<^tntial 
d^trtnctis^Jcnof asandtaromotmfOTCt ThcGMF indirect 
if energy is added to tho olootrio circuit, and it is iniorso or bat^ sf 
encigy is subtracted from tho oirouit !^us tho fi M F of a edl is 
really measured by tho onor;^ it prondos in reimibfe processes 
when unit quantity passes, and a biok £ M F is measurea by tho 
work done reversibly at tho expense of tho onoisy of the oirauit 
when unit quantity pisses. The algobraie sum of tho direct 
E M F 'b and book £ M F 's jb tho resultant pressure^ mozo often 
spoken of AS tho resnltant 3S EC F. 

(c) Jfthe energy trantformation t$ eomjdftely irreversible ite speal 
of the pofenttaf deference heticeefi the two paints , if partlj roTctsible 
and partly irro\ei8iblo wo alro speak of tho pot^tial cbiTcrence 
between the two points 

Of course two points may bo at tho same potential, }ot B M F 's 
nay exist in tho piths between them Thus, if A and B bo tho 
poles of a battery of, say, two similar colls in senes, Ctho mid point 
of tho batteiy and I) the mid-point of the oonncotinw wire, then 0 
and D are at tho same potcntiiu but there le an E M F in QAB 
and ID OBD^ and a F ]3 between A and D and between B and D 
Fraottoally wo may sa> in general that if a current is flowing from 
X to there is an energy transformation, the F D being eq^l to 
the energy so transformed ncr unit quantity iVny hack E Ax F in 
XY oqa% energy rtvtrsdny transformed per unit quantity and if 
this be negative (i e other forms reversildy transformed to onnent 
onorg} ) it equals eftreef E M F 

1S4. Besistance and Condnotanced — ^Xbe resistance 
of a body may be defined in a general way as that property 
of xi vshich opposes Oiefiovs of Aecincxiy^ bufc more precise 
definitions are as folloyns 

Consider first a simple conductor, say a wir^ througn 
whidh a current u passing, and m wnidi, therefore, we 
have the irreuersibfe process, tho production of heat 
Expenment (and theory) shows that the heat, in enei^ 
unuB, 18 proporbozml to the square of the current and the 
time, and it depends also on the matenal, dimensions, etc , 
of the conductor In symbols — 
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WctIH = BPl, 

vliera IT IB the Iieat enei^, I the ooirontf i the fame m 
BBooadBi said jB u a £Bctor oependme on filie material ete , 
and bnofffjL as its rMuftmes If 1 axA i be unify, 
ITsaJB, benee— 

I^ruutanee tfa tnre (femperafiira nny/bm) it rqnt- 
mted fwnsneaSjf fy He heai, m mergg vaiU, Aeodepei 
& one meond vAen eumatpauet, or, mine geoetu — 
raufnnee of oMf wmdvetmr it iqirweiifed lutmeneoify 
y ftp heat, m energy muie, ieed(^ tn one eeeond fy 


It Wt J, said t be eacdi unify, S is unify , beDOB~ 


Tbe neistaueeof aoon* 
ductoiriB one 00.8. cOeo* 
^ramagnetio unit if the 
beat produced per seoond 
by ierevetmUie pBoeesssa 
when the deoteomagnet* 
to unit oncreat pasaea is 
oneei^. 


The pxaetioal unit la 
the dun. ISiexeautaaiee 
of a oonduetor is oneoilun 
If the heat educed pen 
second by irreversilile 
proeeasea vhen one asn> 
peso paasea is one Joule. 


mUwolim IQi nga 

the dun in abadute nmb 


ameeBonmntaf 1. 

dheatMwaond, If £ bo ths \alna 

1 ohm s 10 > ohotromagaetio nidtflb 
A noth er defimtaou of resietanoe u impoitaxit A gpiT^ 
®o®sidfir a idowle ■wne mth a steadj PI) between two 
pom A and JET, a oertaui steady eim^ will be flowiztf 
uthePD be altered m mu^tnde the atrengbb of^e 
CQnent will also be ohaoigedp mA eipenmentallj it can be 
pored tlmt^ As ismpsre^^ qf As tsfrs is Imt eonsiant 
mr^o/msPD to As earr^tssonsfoal; ftissonsfonf 
tJ “rats/oKss**^ AsjMxrl ABof&emres stated 


or 


Potential . . 

— acenstant s= leaistanoeg 

j 
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vrheie E is the P.D , I the current^ and JS the resistance 
This fonnula is also true for a complete ciFcuxt, m trhich 
B 18 the resistance of the circuity I tho cunent^ and B the 
rasttltaut S.2II,F.| ie the algebraic sum of direct 
EMF’BondbackEMP^B 

If E and I be each unify, Jt is unity, hence— 

A oosdactor has a re- [ A conductor has a re- 
sistance of one C.G-.S. siatance of one (tme) ohm 
electromagnetic unit if a if a F.D. of one (tme) 
P«D. of one electromag* vcflt ap^ed to its ends 
netio unit applied to ite causes a current of one 
ends causes a current of (tme) ampere to flow 
one electromagnetic tmit through it. 
to flow through it. 


1 ohTO 5 s 1 ^o^t -- 10^ em nmta 
“ 1 ampere “ 1/10 o m unit 


slO^em umts 


The iutematiouel ohm, vrhich 'vas intended to be a 
practical realiBation of the aboTe true ohm of 10* em 
units (but wbidi is really pist a Itlih hgger) is defined by 
the St^darda Committee as follows — ^^UeinteniatioiiBl 


ohm IS the resistance of a column of mercury 100 3 
cm long, 1 sg. mm. m cross-sectxon (mass 14^4621 
grm ) at the iemperatnre of melting ice (See Arts 
299, 800) 

Cottduetaneo is the reoiprooal of resistanoe thus a wire of 
KButauee £ has a ccmduotanoe 1/B. Tho praotioal unit w tw 
mho, which u the oondnotance of a body of xesistance one ohm 

Prom the relation B/I s= JJ it folloas that if tiro of ttem w 
unity the third is unity , hence (1) the tme uolt w ihe 
which must exist at the ends of (say) a wire of resistance one iw 
ohm, in order that the current ]^8ing may be one true ampere , 
(2) tiw uternatiomil rolt is the P D which must oa^t w 
the ends of (say) a wire of xeexstaaoe one intornataenm 
ohm in order that the ourrent may he one mteraroew 
ampere She true aud international amperes and the true ana 
international ohms may he siiiiiUrly defined 


165 Ohm’s 3Vaw.— This impoitent law ha. 
been eiven m with tho second definition of resist- 

ance 154), takmg first the case of a sunple con- 

dtictor, it may he briefly stated as follows — 
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If 1ih0 tsnpccalnixe of a oondnotor lielreipt oonsfeaiit 
tile ratio of the stea^ direot PJ>. apj^dto ite ends 
to tiie steady direct current flowing tiizongh It is 
oonstant ; tlm orasiant measmes the resutance of the 
condoGtor, hence 


Potential driferenoe 
Oonent 


= a consfant = rerietancei, 


ia 


^ssB, \ Es:IBaaAl=^. 
I J» 


WithtegnrdtomutBiif Pinibelaetexprenion be in volla and 
It in obmi, tihen I wm be m amperei , iraibt if B and H be in 
deotanmagnetu mute I mil be m deatnniuignsliui nni&i and lo 
mth the other exprenums 

To talks the nuns genstal case, let E demote the sa- 
BiiltBntB.]IEP. maououit (ta theaUmhnuo emnofthe 
diteotEMF’saodhackEMF’e), I tte cmxenfk and JB 
the total reeistanoe. The neb energy jmmded by the 
nvmMeproeeam ia JSQ, i e Elf, where Q u tiie qnantily 
tmnaEeiTM in lame t (Axta 151, 153) energy repie- 
aented hy the vmoamhU leai prodwetimn is PBt , hence 

SItzsPm, 

ta E=IB, ^ =JB,andI=i4' 

1 JB 

We can thus apply the ahore xeaolta to the whole or 



urtof an deehiooiroint. Takmg, for exam^, Fig 299a, 
let S Tolta be the E.M.F , i a the dnTing mHinmiw for ihe 
^ole oocuit, a Tolts the terminal P D which is 
in dming the emient through the external cueoit of 
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resistutee JB oliiiu, and V the volts used m dnnag the 
current through the internal circuit of resietance t ohms, 

j_ EMF _ E 
Total resistance r+ B’ 
j_ Terminal P D _ e_ 

Eztemalresistance ~ S' 
j.__ Litemal fall of potential _ V_E—e 
Jjatemal resistance r" r 


166 Vnits of Eleotiioal Energy and Fover. — ^[fhe 
absolute unit of energy is Hie erg, irhieh (Art 153) may 
be defined as tie work done (or energy tran^etmed!) be- 
tween two povnts of a eoniutstor when the FD Idween the 
points IS one eleetromamui%o unit and, the etediomagndic 
watt gmndnty passes IE the P D be E e m umts and one 
em unit quantity passes the trork done tnll be JEreigs, ifQ 
e m umts pass the work mil be EQ ergs, and if the Qem 
units be transferred by a current Jem units in t seconds 
(2 IB equal to Jt and the energy transformation is Eli 
ergs ; Imce, employing deotromagnetio nnitB— 

Energy in ergs . . (1) 

ji 

t bemg the tune tn seconds 

Sue P D. be one volt (10* e m umts) and one coulomb 
(1/10 em unit) passes the energy transformation is 
dearly 10^ ergs , ^s is taken as the practioal unit of 
electrical energy and is called a joule ; hence a yowls is Ms 
work done (or energy transform^ between two poinis cf a 
eondnttor when ffie PE between the pomts is one vaU and 
one eotilomb qf eleetrmiy passes Cl^ly also, if ve em- 
idoy practieBl units— Tolts, amperes, ohms — 

' JSr* 

Energy in joules = Elt s= I*Bt — •• 

\ boiTig the time tm seconds 

By (2), if the P D be one volt, the current one ampere, 
and the time one honr, the energy transfiamation 
8,600 joules , tbs is another practical energy umt, called a 
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VBtUunit ; lieiioe a wMumr w fle mrk dene (or enerm 
iravefmmei) idueen tm petnU t^aeondudcr toften we 
PD hdmeea &iepotnttie one wit and eneampete fates fer 
enehew (SleexqUintmifiajTPWxAixei 

Bnargf m’tratt-lionn s DZT szPST ss St (8) 

7 bemg lihe tone ill %oim 

A. iBigec imrfaeal energy imit u the IdlowsiMiJiow 
iDelviii, or Boaxd of Srafle oait; it b e^pnl to 1,000 
tratt>]ionn 

Power u "rate oE domg ‘work,” and the abadliite nut » 
oiw eeg per eeoond ; it may he defined as t&ojpoimrtii a 
eirewif vdun the PD u one esn umt and the em vmt 
mrent u foaimg Pnttmgteqnalto'mu^in (1) ahoro 
and uring eiteoteomagnetiB wits, we obtain the three 
eaquMsuma tor the power m ahsolate mite. 

xtoEetimg to (2) ahore, if S and I he eaeih nutjy the 
rate of won: la one jonle pet second ; this la adopted as 

the ptaetnal nut of electneal power, and ia caOedawatt } 

benceateattisOejpouMi mactreittf nften the P D. u one 
voUandmeampereu faesmgi tiu eguolfolO' ergena 
eeeend or 1/74 d hone-jwieer Pntbig t egnal to nuty n 
and nnug praetd^ wits, 

Power m watts = DI= PD .. (4) 

A Btai larger praetieal nut of power is the Uloeratt, 
winch IB earn tol, 000 watte 

The reader ehonld note ^tthe -watt and kdowatt axe 
onte of power, the watbhonr and kdowtt-honr nota of 
or energy 


157. Oondaotms in Secies and in BandUL— If 
several resistancea, r, n r, . , 
he arranged in eenee (Pig 800) 3 .h. 

fl»e total reaistance D ie dearly 
a«r «iB,ie Esr, + r. + r, pi» m 

T • ^ 

Connder now a uimiber td zedatancea (aay three) 
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joined in paroTZei (Fig SOI), and let E denote the P D 
betneen. A and B Then 

JE TS TI 

Cnnent in r, = — , Conent in , Cunent in r. = — > 

’’i ** »■, 

Total oairent = — + — + ~ 

»i ** n 

Let B denote the joint resistance of r,, r„ r, ; then 

W 

^ R Total current = 

^=E.+ l + l, 

r,g80L •l=i+i+i . (1) 

*a 

1£ the resistances are each equal to this becomes 

1- 3 • » 1 

B~T/ 

and, smilarlj, fie joint reri^anee of n equal resistances tn 

naroZZd! te ^ of the reeisfanee of one of them 
•n 

In the case of two resistances in parallel 

1= 1.4.1= !i+£s • R=JV*_ ( 2 ) 


+ _ = 


rj -r r. 


i e fie joirU resufanee ts ike product of ike residances 
dividei hy fie earn of fie reeisfaTieee 
TV^lst the current is the same at all parts of a Guaple 
(senes) circuity however the parts differ in resistancOj in a 
paxallm arrangement fie current divides diredly as ike 
eondudanee^t and therefore tnversdy as fie resisiances, 
thus, faking the wires a and h of Fig 801 — 

JE 

Current xa a r, r- _ Resistance of 6 


lurent m i E r, Resistanceof a 
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SzBjm]^. Thm wim At B, 0 4^ and 6 chnu rmBanot 

rapeefii^ an ammgei m paraUtit and Cm ioCaC mmiU pamng t« 
SBianqieru FaidUtBjovarenaUmcaandik^€urrtn4tnt^ 

IE £ w joint resMtenoe— 


1 

S 

Agun^ 


ir+i 




.e+8+8. 

— H — 


.11 

BP 




OnmatmA s* ” XSanivoves 

i» It 3*^of22 ss 6 II 

fi II 0«A«f5® fi = 4 „ 


^ 168. Imwb ai Be8i8tasuie.~Experi]nfiaM Terifion- 
tiomi oE tliep niunpallaTO\yhiohfoll^ m 

OhapterXVX 

(1) TherenriannqfaeandiutorUdincBypr^ 

to ifv amd inmndji ffoporttimal to lU area qf oroM- 
oodion The latter part A tma statenieut u miKstaiit, 
1ilHia»]f oneTniehaa tmoethe ecoBa-aeotioiL <»£ another ol 
&e flame material and length, tibe thick one tnll haTa half 
the teamiance of the fhm one 

( 2 ) Tha^esiriaiaeBqf aeondnekr dMoniBOfoihonio^ 
Thna a piece of plabnnm of given, nnwnni^nini ii^g 6 022 
tunea the reflutanoe of a pieoe of adver of the tumt^ dunen- 
fliona. 

(8) !IKe rastflfauiM qf a atthatanca dopenis on tia mola^ 
otcZof oondifMn, ioamt/yt writot iardnesot ele A deaceaeB 
in file dendf^ of copper nas been aihown to reaidt in m« 
waaed reriatanoe. Wues anbjeoted to inflflhii.iMWi.1 Btarain 
hate been found to mcreafle in reaktance In general the 
refll a taace of an alloy la mnoh greater than that of the flnb- 
atanoea fomiing it Aiwipalmg diminifthga i]|0 xesutanoe 
of metela The xenatanoe of a rod of btamiA la oonaider- 
ablj a&eoted hr a magnetao field, eapeo^j if the latter be 
branarerse to fiie rod , thna in an expeninent due to Hen- 
oeraon the reautanoe A binnulb waa mereaaed S S4 *wn«w 
Enderafield of 88,900 Oa.8 unibi Thia e&ob on bia- 
mufii IS utdived far Ihe measurement of Tna g n ^iiar^ 
meniiim decreases in xeaufcenoa when espoaed to light 
Tly lemgtBaee of Cdliirit»a and ooitoa is uao afieeted bv 
light ^ 


U AXDE 


<- 


as 
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(4) The resistance qf a si^bstanee depends on iU impera- 
twre The follomag ore the mam &ctB 

(а) Mbtals ^Tfaese laoroBse in rmstance \rheii heated, andde 
otease when the tempeiaton ib lowered* If Jk denote the result- 
enoe of a wire at t* 0 and its resistanoe at C^O , 

= + + 

where a and are oonstants for the same wire, but shght^ different 
for different matenala For oaloulations the simpler relation 

may be employed ; a is known as the tempexatnre ooeffident, and 
may be defined as (he increase »n unit resistenoe per vnU nM tn 
imperaSure {T O^toV 0 ) Bi the case of pure metals a mqy he 
token as eqnu to 0038 , to meronxy its value » 00075iiearfy 
It has long been surmised that at the abeblntesero of temperature 
(. 273 7* c ) the resistanoa of all metals would be nif, tms being 
based on (he assumption that (he laws of vanation of resutanoe 
oontmued to hold at very low temperatures Dewar, however, 
found diat at - 2S(f C the deereose in the resistance of platmum 
on ooohng was nd so marled as at - 200^ 0 , and Dr HarnsonB 
experiments appeared to show that at - 253^ 0 the resistanee of 
iron teas somemal greater than at - 101^ G On theotherbaad, in 
some resent experiments, Kamerlingh Onnes finds that at the tom 
perature of liquid helium the resutanoe of oertam pure metsu is 
teas than one-thousand-millionth of the values at (r 0 , whm is 
eonsideroibly less than if it fdl in proportion to the ahsoluto tem 
perature 

(б) At.tji vh — Mnatftlloya inoreasa m resiatanoe with temperatar^ 
but not to (he extent that pure metalB do itfoipantn mormesm 

resutonoefromCrO to 3S® 0 , after whioh its temperature cogent 

heoomes negative, but the variation u so small that it 

leo^ Ofermonaitor has a temperature floeffioient of about 

I € 4 that of pure metals, whilstfor Pfottnoid the ooeffimentia only 
one half of tbu, vis OtWaZ Ptatinvm sdver^ JRscwste, and ^rew 
areotoerallpys with low temperature ooefBoiento 
(c) Oasbos, ATO]jJ8ra.*s0EB.— These dewMB^ 

JUitanM when heated The cold tesurtanoe of a oar^ 
lamn is from 1 6 to 2 4 times the hot resistanoe under foil voM^ 
Tto wi^oe of gntta peroha at 0* 0 le about 24 
^r ;i<A at 24" 0 The dBOtease in the tesietanoe 
of the order 2-4 per cent for a nee in tempeMtnre of 1 ttwhenthe 
temperature is IB* 0 (Chapter XIV ) 

The first two laws given above may be espressed by 


the equation 


a 




(1) 
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vliete S 18 ihe xesoBtaoce of tiie eondootor, I its tongCh, a 
ibi eiosB-seefaonal axea^ and B a factor depaading on fho 
material and known as its qpaoifto xesistaaioa or xasis- 
tivi^; the lempiooal aS 8 ,^ 7 % IfB, ia i^ened to aa^Uie 
ipei^ eondmiunty If { be one cenbmette and a ’me 
aqoBXB oentunettBiEiB equal to £ 1 , hence fltaapae^ra- 
luUmee tfauy meierki m ike mutanee ef apieee ^Uane 
eadmetn «» length sad one egtmn eenbendn fe enw* 
ueHan, le the renetonee ^ a cube qf one eenfunefre side; 
fiequentlj 5 18 expiesaed m tenna m the *' mdi 0^ ” 


CbnddHtnrowueBof caiadar awtiOD Lefcilifii^aiapplftntii 
their obobI meemiiK to tiie fint wire and to the sewnd; 

lot di be tin dnnuner of toe IBtst end dm toe duumter of toe BeooDd 
(a«er*a 7854d*);toe& 



Hie onM notann le aometunee ana ia tomu of the maea and 
deBiito(msKpermiitT(dnnie}of moondnotoa Ifwbetoeiiian 
andptoedoui^i toerdniiieof toewneiBii/p, bnttoe vtdmneia 
a xJ^henoe 

olsslfandaa'^f , . 

P #* 

and ffiilKMatiiigin (1)^ 

Jt B sf (4) 

IV 

Agdn, extending to t9}t 


^ ^xJlX ^x a 

^ f* V «i 


( 5 ) 


and if the Vices be of the tune mtenal and dflontif 


■ PVMVP fd} 


All toeie xeenlti ate aeofol for caloalation pmposee 


159. Snenlatioii Besfatanee of a OaUe^Lto Z be 
thelei^^of thecable.S'QieBpeeiBe renatanoeof toedi- 
ebetrie or insnlafing eoreting, and and r| the external 
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and internal iitdii of the iiisulalion (Fif; 002) , let C be a 
Injcr of insnlntion of iiifinitol} (.mail Ihickness dr and 
rndinii r For tlio rc.iibtanco of tins Ujor, t.a\ tr, nc 
haio 


«r 



and for the total insulation Fpsistnncp R 


R-A.C^ldr- ^ 
^^"FTJ 7""“2T7 


,c/e=|^io,.a 


= 3GG X ? X logoii 

• fi 


Tnlrinp two rnlilcs of lengths 7] and insulated with the 

same material and haring the same ralucs 

of n and n., 

' 

Tt, K 



10 fAfl init]//aftoiz resntances arexmendy 
UB (heir IcnglhB, flius, if tho insulation 
rcsistanco of a c.al}Io is 600 znegolims per 
Tic W2 m^lc, linif a milo ttiU have an insulation 
tesisfanco of 1,200 megohms Purthor it 
should be noted that if tuo cables bo joined end to end 
Uio conductor rosistnnces are in senes, htf tic insitlatwn 
resistaxiceB are in parallel 


160. Gronpinff Sumliur Colls 

(1) SnniEs GitOUPiNO (Pig 803) — ^In tins group- 
ing tho negative pole of one cell » joined to the 
pole of the next If thoio aio n cells each of B M P ^ 
and icsistauce i, tho combined ID hIP is sB and the total 



VmnDAUBKTAXi BEFlNrriONB, iraiXBy AVD THSOKT 51 


ioieriuiliesiat^^ nr , henise, if /betheourreat and Ethe 
mtemal lesutaocQ, 


T ^ nSf 
""nr + k 

Ecfreme Cow »(a) If the 
oxtenul nautanoe he Twy 
laige oonipared with the 
the latter nw he ueg- 
leoted and / BB nSfE , thu 
u a tOMB the oorrent that 



Fv. aos 


QM oellnoidd give (h) If the entetnal lenrtaaee be veiy small 
eomuxed vnth the mtetnal, the former may be negle^ed and 
/ s J^r f this u Ihe ouirenft vraiohoiie cell alone aonld give Thm 
a MricB grouping fench a exfenieif 



Fig 801 


(2) PabaxiLel Qsovfikg 
(F^ 801) — In thu groop- 
mg all the high potentml 
plim BZB oouneSed, fcni^^ 
aa it vreie^ one laa^ pl fftej 
and snnilarlj all the low po- 
tential plam ate ooimieoted 
Smoe isoB EMF. does not 
depend on the sue of the 
plates the oombmed SMF« 
u siinplj tihat of one oaD, 
Tie E. The total mtetnal 
laeistanoe is, hoover, l/» 
that of one vu r/n, and 
the eKtemal eonent J ia 
given 
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(a) EMF of each io\r = 4^ 

Seaistance of eai^ row = 4r 
ft) E M P. of 8 rows m parallel = 4P. 

Bosistaoce of 3 rows in punllel = ~ 
42 ? 


Hence 

Niir 


1= 


^ + B 


Fig 80S 
rant is given 


If tnere aie n ceUs in senes per row 
and m rows in parallel, the wfawnBl cur- 


nE 


nr 

m 


+ B 


(4) G&ottsivo fob Maxuiusi Cobbsms — Dividing 
numerator and denominator of (8) by «, we have 


Is= 


S + — 

n 


The numerator is constant^ hence J will be a niB-Tnnnm 
when the denominator is leai^ But the I pttgr is the snm 
of two terms whose product is constanl^ and therefore will 
be least when the terms are egual, henceTwiQ be amam- 
mnm if 

^ = il.teifB = ”r 


Tfl 


m 


ThuB to secure ihe greatest current the resutanee <ff the 
haiiery (nr/m) rmsi he rmde as near as possible egwd to ihe 


From the relation —= £ -we get 


m 


nV = nmS s= |)JBf where p = total number of odis, 
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Hniae the ttummim eiMreiri given hj p odle (eadi of 
BJO Baabdnm 1 iBncer)toBnertenuklxerataoicejBiB 


MBziiiniiiL onnraoit ss' 


nS 


-+J 8 




{1] fM dU orrwngemM/br moxomm 
cm flflZb eem qf resMtoMS 4 pibiu, llto exfernol 

6 OhflM 

nm Bs 8^ \m ss 2t/n, 


Hmr !!r as J2 or nr s mR, ie 4»ss 6ni« 

n 

• M flw 6 X iu| — A 

n ss MM B 8 "I le fl.*MAOornBQ 

« 4n 

Tto anangBDwnt raqoitai ib ttmlore 6 oaUa u aociM pw tov 
Kod 4 nm tn puaiDiiL 

(8) And tike mmfmim number qf ceRe eoelk qf j 9 ir.A a JVand 
raabmes ss rmhuihimReiqpplywtpaitatoaneaiernalreneliUMB 
Thn oQixw&tmiinbbethogceabeBtwlnohlihenqiiiredniim^ 
nfedhwiprodiiott. IttloSthamiinimnoiirr^ 

M.«, • r-J 


« .. i-.f fe 




.*.P’ 


4 Hr 


181 . MrelihoffB X&vra^— Q!he jomfcxengtaaiMaa^ 
enrrantB in tiie voxunu branehee m a dtnded axoait caa 
teadilj he fonnd hgr the methoSe of Art 157, pron^ 
then an no crose ooniieotuniB eneh as an in 

Big 807 In this and oQier non eompha anangementa 
appheatunis of XiEdhluifE'e liaws enahb the eolotiona to 
beobtamed. 

Sindiihoffi'a two laws an aa foUowa* — (1) In anjr nrt- 
mrl rf mret earrgaig eumnft t%e oZgeb^ «iim qf 
eurraiff laeeitiigf of on; pnai u am, (2) J» am ekued 
puBi (or meih) tn a nmBork fta awn qf fkit SJSJfft aetmg 



Fig 306 
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tn {h4it path is equal to the sum of the products of the 
resistanees of, and currents tn, the various parts of the 
path 

The first law presents no difficultj, thus, to take a 
Bimplfi case (Fig 306), it is clear that 
-T = jTi + J* + Jj, and therefore 
I-Ir-I,~I, = Q 

Current flowix^ to the point A is given the 
positive sign, and current flowing from A 
the negative sign in writing down the 
algebraic sum 

The second law will be un- 
derstood from the detailB on 
the divided circnit shown m 
Fig 307, where the letters P, Qi 
jB, 8, Q, B denote resistances 
Talong the mesh (a) the second 
law stetes that 

+ ( 1 ) 

for the mesh (6) — 

0=:I^ + J.(?-(I-I,)G 
and for the mesh (e) — 

0 =: (I, - ii)5 - (I - 1, -1- I,)JB - f. fl 

In each mesh clockwise currents are taken as positi^ 
and counter-clockwise ones as negative, thus in mesh (t) 
J — P 18 counter-clockwise, and the same applies to J, and 
I — I, + 1, for the mesh (c) 

The truth of the above is obvious, thus, taking ttw 
mesh (6), P D between -d and P = I,P, P D betwem P 
and d = Ij(?, so that the P D betw^ A and 0 m 
IjP + IjO, but the P D between A and 0 is (! — 
so that 

+ (I-I,)0.ie I,P-l-I.ff-(I-Ii)Q = ® 

Bj solving equations (1), (2), and (3) ^ 
m the TBiious oranches are detenoinea The gmenw 
application of the method to complicated networlcs is, 



( 2 ) 

( 3 ) 
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however, troaUeBome, and Maxwdl enggeeted the “eydio 
eanent” device to simplify the sdntum In. each mesh 
a 17^0 ennenfc of specified value is noagiiied to flow, all 
CbeqrdmcDiieiidehmgmihaBanmdireo^^ fheenxtent 
m aiqr htandi will thna be the dcGEetenoe between the 
qrohe onneniB of the meshes it sepaxates The method 
be best nndnetood from the following — 


Bnn^lea jFbsr 
HbUoiu fti A 
rmftmosj AtoOi Blol)^eaih by 
voU BMF am2<ilhm 
ruabmce^ 2>tfarmiiieM<eimnt/oi9* 
tug tkrmtgh mh Ae oAU 
Tho dooLtiite ffroho onrranta an 
a^ir,aoda(F^ 806) 

Appljfmg EucUioffs ljaw2toth6 
mum ooinpartment--^ 

2 x + («*s)H-(»-Sf)=sl 
le 1 (1) 

Similarly for Uie oompBEtiiuuit on 
thon^t— 

-«+4y-2s»l (SI 


Af Bf Of Dt m camueUd togdhmr cu 
ioOfOioDfDtoAf eoe& by a unre</l oibn 



Big 808 


»<• (8) 
^ (8) the E MaFi u given the negative ago, ainee its direotumia 
ttmter elodlwtw m that eompartiiMnt 
Bh minating xfcom (2) and (8) g-ss| (4) 

•I X fnm ^ and (1) diy - 8e — | . (5) 

»> y from (4) and (6) a ssQ 

Bencetem(4) ys}^andtitmi(l) x«;| 

OaRentuoeil P «* x as 

It If 

Onrtentm^Basyss^; oarrentmPCa y — xsO 
ConentmDOasx - aw J , oiuneafeinJDd bsssO 
^Hie firm lines denote liie patiii id the onrrent. 


162 « JLpplioatloii to tSie Chunrenta in the vaxiooB 
BtendieB o£ a ^nteatsio&e Hot — The 'Wheotetone 
bndge network consists of four xesiatoaces P, <3i 5 , a 
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BluDuatiiig V bom (4) and (5)--- 

(7) 

Midt^plying (4) I 7 8 and ( 6 ) liy 4— 

Ste- 151!y -* 8 s »0 
- Sftjs flQir + 84a « 4JB 

Addn^ ** 8 S^ 76s s* 4B • • •••••■ ■ ( 8 ) 

139 IB 

Blnmiiatnig y from (7) and (8) a se ^ 

apg 

Siibititatiiigm(7) 

Hnwe iinm (4) x s 

Xhm ths total auEMBt la 620/719, the enmat in tho galvano- 
meter lax-y, \u S 60/719, and BO on 


The joint remfamoa of tite nebirork fonned hy P, Q, S, 
5i and 0 IB found thiu if JB,=x joint xeristanoe, P-^ 

=total reriatance, so thatPxs(B + B|)b, ie. jB| — P, 

fhoB in tiie above ezam;^ 

■m 


163. AspUoation to Cells of ITn- 
eg,iwl S.lllLF.’s in Pacallel^Iieb e,^ 
e,, & be the EUP.’e of three ceDs in 
^nuld. ^ig 310). rp n the thiee 
inteniol tesntanoes, I„ the thiee 
internal ennenta, r the extmal lesiab- 
anco, and I tbe external cntrent Ap- 
plying SjidihoiFB Laira— 


I.+ I. + A=I (1) 

Ir-H,r,=s 

Oj •••• (8) 

Jr + ss ^ •• • (8) 

Jr + l^rj as ^ (4) 



58 rnrfDAMrvTAii dpiimtionr, umtr, amj thfokt. 
Dntdiug (2; by r,, (3) bj Tj, and (4) bj r, — 

/JL+7,=i! 

n *•! 

+/, = r. 

+ = 

»•» r. 

Adding, and substilatiug (1) — 

^( 7+;+~+0 = ;- + --+- 

Vpi p, p, / Pi p, p, 
r f rp,r, + rr,r, + rr,r, + p,p,pA _ c,i.p^ + c,p.p. + c^r,P, 

\ PjPjP, ) p,p,r, 

• j- + 

pp,p, + pp,p, + pp,p, + r,p,p, • 

To obtain tbo currant in each cell substituto (5) for 7 in 
equations (2), (8), and (4), and soIto for 7,, 7,, and 7,. 

If be tbo total E M F , 

E s total current x total resistance 


^ Pi p, p, >' 

_ e,r,pg + e.i.p, + f,r.r, 

Va + ‘‘if, + PiPs 


( 6 ) 


N<At —If the threo E M F *s bo oqual, say oaoh Aod tbo three 
intemnl icsistanccs be cquiil, tmy caoh rn (5) becomes 


and (0) bccomoB 


/=_5£L»lii_ =—!!_, 

»? + 3rr,> p,^, 

s 

£1 ss ss d = same as ono ooU, 


08 was stated in Art 180 
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IM. Cnzrttit Sbtebi or OonAuotuni uiTwo Bimeiisioni. 
--jmagiiie ft laige flat Bhefit of copper aui fhat deotndfy eaten it 
ftt a certain npmt; dearly the ouneat thO flcnr amy &om dua 
pout liyapreoai^g out on all sidea end m havo enden w a oaaa of 
oondiifibon in tm dimeninona The point at rrlddi m onnent 
entm the aheet u xeferzed to oa tiie eonree, and if die oacrent bo 
mthdiam from tibe abeet at anoAfaer punk tliiB latter pomt la 
xefetted to oa die ml Two oaiea only wdl be dedt with — 

OA8EL QHB SOUBlQB OR SIKE— Let the aheet be of nn- 
bnnted extent; the hnea of flow will 
be atnight Ixdm ndutum from the 
poutfFis 8ll)i and die eqtupotenhal 
unea will be oonoentno urolea wi A 
tina pout aa oentce Cumder two 
eqmpotantula of radii r and r^dr 
and two flow him eneloeiiig an ai^ 
dSg letiAbatheapeafioraaiatanoeof 
the dmt and t ita dubkneaB The 
mutaim of ilu denmt botmded br 







potendala la clearly S Buoe 

^ Ineodth dlf of the element n 
The whole oiroidar etnp oondata of ^ SUL 

2v 

theie elementa in parallel and 
the reautuice of the ommlar atnp la therefore 

iWftC « ^ js dr 

S frSS Shrfr 

^ndn aanr a. ouanlar bdtof ndu andf^; itamirtanceu 


2-*Jnr 




^ ^ TO ^ 


r*- Fi a Curt X Bet 




nml diitanoe en/r the ^ ** 

the mmiH beiBg lued for a w(im and the jilu for a nat; 


laaeoiiTfiel 
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OAhi: 2 ONi: SOUIlCi: and ON^K SXNMC-*A littlo c<m<<idon 
tion mil con^inro tho tint the hftr of flow nnd cqm]»otcn 

tml hnc^ nro eiimlir to tho line') dcjnrti <1 in Tij^ ni2 
Let R ss diHtnnco of a point A from the t-ourco 
R*ss difttoncc of tho point A* from the sink 
r ss potcnlnl At A due to the pourco alone 
prs potentml at A' dno to the miiL alone 
P ss the multnnt potential at X 
1 * s= the potentml at unit dntnnce 

Non— 

.g log fi, r = - r + log jr. 




IN !■*- 



Jf 

~Jl 



rik 312 

same meaning for 7*s, then 


and iacoDfttAntB«iloDgn^th8 
ratio of if to R is con^tiot 
Non consider A portion of 
the sheet Imundcd hy Itto 
lines of flow nliicli meet at 
an Anglo a and tiro equi 
potentml Iinw of lalucs 
nml P% r let Ri nnd if| 
denote tho dmtaneca from 
tho ooTirco and sink rospcc 
tiidi of Any point on A 
and lei R^ ^ 




/’t=gjj>‘>P.7r- 


Pi -A 


STt IfllF, 


If /| bo tho onrrent through tho shoot bounded by the tiro flow 
lines in question! J| . / « a Ar, i e 7| &= ^ /; henot^ if r denote the 

resistanco of this portion of tho sheet bounded by Pi and Pt and 
those in o flon lines. 


r ss 

"" Current 




and for the resistance of the whole spaee bounded by theso two 

sqnipotoiitinls 




iriJg, 
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XbcainpleB. 

(1) Twdvt oBi m orrmigtdtnHTimfth^toMinimudred^ 
bana 27 oIcm Hike otOsidt reautanci ta Brahma and the tarmtwd 
PD 6 futo FM 6) lft« currsiUt (u) the fad af poleitAaf tn mch 
cdltf^ihaSJU F (ff(^vihbkUat^ftpi)(heSitF ^eaehedit 
{T)miarmKiudP D fartaeihedL 

w = 

(u) Kollof potmtulmbatiwy ss (hmnt m battaiy 

X Bes of battaiy 
B 15x87 
B 405Tidta 

4 05 

.* PIrilof pobentlBlpwoell ^"{2* « *3876 volt. 

(ni) BUF ofbattanr « TenmnalPD 4- Fall of notential 

inbattoir 

»6 + 405s lOOSvolta 

(it) E 11 F of eaoh odl « " *3876 Toli. 

(t) TarmiiulP.JX loraacdiodl s B.M F. — Fall of po- 

tantaudmodl 
s 8375-- 8875s '6T«at 

J7o(eci2iD^-FUIofpotaiitulpBro^ s Omxent zn odl X Beft 

ofoaU 

s 15 Xfis 8375Tdt 

E M F« ofbattuy s onnanfe x Total redataiiae 
s -15 X (27 + 40) s 10415 Tolto 
Xanmnai PoD for aaoh oell s 6^ » *5T0ltw 

A dgnamo jnvducea a /zed PJkalUaUmnutia 4if 190 aoUa 
cm4 ii 800 yarda awa^/rom a kauaa toftera fftera arc Aiimirai 
100 vottSS watt pfotD ni paradd Wha aiu leada dmhd be 
CB^08«51efiDeeii tte ^nmoaiuf Iftc louceiftlia raufanMiyraiiiiicA 
tappers ^microhm f Fmdfdaa^)diad€eiU7eBdhare^^ 
npOKiaf ai ihe Arnica (u) Ae mtt-Aom and Board fZVoclB unila 
fluted tn lOAouri^ liu) Ae coai enerpp at 4d per will 

WatbiBjn; 

Henea— 

a jy^ s dSampara 
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. Gurronfe for 200 lamps = 35 x 200 s= 70 amperes 

in tlio leads Volts used in loads s 120 - 100 
Rcsistoncc of leads = €g ss g ohm 

Again- 


current 
SO 


n = sl., 

a 


SI 

It 


= CO microhm s 60/10* ohm per inoh onbo 
{ = 600 yards (go and rolum) s (COO X 30) inohes 
Ess ^ ohm 

00 x 000 x 30 x 7 ^ , • 

« = - - ~ '0499 Bqnnro iaoH 

Further- 

Total watts supplied = 200 x 35 = 7000, 

HP flnpphod B 7000/740 B 9 4approT 
Watt liDur^ Bupphed in 10 hours = Watts x hours, 
Watt-honra a 7000 X 10 s 70000 , 
Watt-hours 


and Board of Trade units =? 
••SOT units = 


1000 
70000 


1000 


b70 


Finally— 


Coot of 70 units at 4d per unit = jSI 3s 4d. 


10V 


(3) A haUerff of 10 voita and ttUemal reatetance 6 ohm ts emnecied 
tn paralM wfh one of 12 voita am 
infernal raufanee 8 cair 7!^e folta 
ai e eonntcied hy an external reaistanea 
of 20 oAnw Pvnd the eurreni in eacn 
trancA (B So j 

Lot Fig 313 represent the details 
Applying KirolihoiTs Laws os in Art 

m 



163| 


uoget 

661 B 35, 
Suhshtuting tins in (1)— 


20/ + 6/t = 10 

20/+ 8/* = 12 (2) 
Dividing (1) by 6, (2) by 8, adding, 
and romombenng wiat + -fi = A 


40 , 80 
. ZlL /. ss ampere, 
5? ' 66 
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115 


amperes 


andnilMbtiitax^m(SQ— 

700 92 - 

W“eB’ 

Thm the manat thioogfa the Bto oug er Iwttoiy ia ampere^ 
q{ stadi 85i08 Btiijpete wnre Chroegu the external xeButaDoe and 
90^ anmraflowoadbC&ttHiphf^ 

Note tbat pnng aloDg the am from BtoA the nw m potentud 
u (e ss ZR] 85)B6 X 80 * 700/66 volte , floiog tbroiuh the a tronger 
hatteyfrem^to^thenmis 12*J^X 8 « TOO/OO 

j gosng throng the weaker hattor from Bto A the xue la 
+ ^ 5s70(V66 vfdta 

(4) SWvB eguot mrea each qf resuiam r me jomed tg» to Jam a 
cote end a c ur re n t cnfera crt eae eoreer cmd Zwiea at the 
Fiad 



^jaaUntutaaubeUomthae 
comm (Inter BSo) 

An exammatum of Fig 814 
will ifaow that the total eurent 
(layOKforocnrvemenoe) ^ndea 
at ^ into three equal parta eB<& 
equal to 2r MB,%aadI> 
eofdi of tiheaeagam undea mto 
^n> equal pBxta each equal to X 
At J3, 01 and F theie latter 
unite m ]»irB| grnng three onr- 
MU eaoh equal to 2x umting 

If B denote the FD be* 
tween A and 6, then, taking 
ai^ one path, aay 


S m 6xA, 1 e 6xfi « gxr, 

(8] SVoefte touei each qf I ohm 
remUmee arejomedvpiojbrma 
cube Ahoia that lAc teim tuna- 
tonee lolen hehoeen two eomerB on 
theeamedgeieJ^tfan^m 
(City and GhuIob of London.) 
An examinationof Fkg Oldwill 
diow that the total eurrent / 
(asoB + S^ diTxdeaat A into three 
natU, Tix. X along AJD and two equal parta y aknw AJ9f and AK 
At B and S then lotto divide mto t along JSffanaBHt and g c 

U 4XDE. 29 


iff es 2xr -h xr + 2xr s Sen 
But if S denote the joint xe- 



Flg 815 
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along EF and BO A oorrcnt 2s flons along HO^ breaking np into 
z along OF and z along QO Tho onironta m FD and OD an 
therefore^ 

If =c P D between A and D and r = resistance of each wire we 
faaio 

Z7«aT (1) 

+ (2J 

+ + + (3) 

Ebminating z from (2) and (3), 

^ 14r 14r 14 * 

/. / = a: + 2y = i^a: 

If it = joint resistance E = III but E’^xr, 

-jxE^xr, te. JQ z> ^ r s^ifr s L 


Exercises El. 

Seotxon A 

(1) Eirolain **onrrcnt strength/’ ** resistance^ ” and “eleotro 
ni^\o foroe” Is there any real distinction between “potential 
differonco*’ and “ eleotromoU% o force ”? If so, ei^lain fully 

(2) Define the absolute oleotromagnetio and the practical units of 
current strengths quantity* potential difference, and resistance 
Define also erg, joule, watt, kilowatt, Board of I^de unit of elee 
tnoal energy, tempmture coefiSoient of resiatanee, and electro 
chenuoal equivalent 

(3) State and explain Ohm’s Law, and develop the formula for 
the joint resistance of condnotors in paralld 

(4) State SirohhoS'B Laws, and show their application (i) to the 
determination of the ourrents in the Tsnons bianchesof the Wheat- 
stone net, (u) to the case of cells of nnequal E M F *8 in parallel 


Section B 

(1) A oironit is formed of six similar cells m senes and a wire of 
10 ohms resistance The E M F of each cell is one TOlt,and its 
internal resistance 5 ohms Determine the difference of potential 
between the positiTe and negative poles of any one of the 
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in 33u temunBlB of alnttny fomed of Mno Itamulli odla in 
MEiea uo iomed liy a win 35 feet long One binmy eo roer of a 
nlvBaomQter is wined by a wire to toe oopper of Im wma cm 
(mdcoiied ftom the capper end) With vhat pomb of tto ®5 ft 
wire mu s t the oQw eorew d the gelvenometer be oonneotedsoliww 
13ie needle dull nob be defieoted* O £ i 


(3) Two odbt A and (SbLF and internal teeutenfle of mb 
are 1 \ri^t and 1 ohm xeBpeo!tnrB^}i are aneoged in erne The 
pontiVB and negative polea of this battery ate eonneobad wiui the 
pmtive and negative pdlee lespeobvely of a third oell, (7| emtiy 
bice A and F, ommeoting wires naviDg neg^Ue i ‘ 


What IS the onnent in the*' oiromt aad'whA u the mtentul 

difiennce between the positive and negative pedes of the oeQ £T 

(BE) 


W eleotrodea of a quadrant eHeotrometer are bnned to the 
ternmuds d a fn^btery of five odli in senes In vmat ratio will 
the o{ the needle be altered if Qie cAeotrodes axe also 

joined to the tenmnsls of a battny d three odls m aenes sumbudy 
arranged, all the oeUs bemg alike and the oannecting wires thiek* 

(BE) 

(3) A battery of twdve eqnal odla m aeritt, aorawed up in a 
bo^ bemg anqpsoted of bavug some of the oeilla wronglyoaiiiieoted, 
18 put into arout with a galvanometer and two oeOs rinular to the 
oliCna Orore nta m the ntio of 8 to 2 axe obtained aoootdmgas 
the mtrodnoed oeUe are arzaiund so as to work with or against the 
battery. What is the state of the battery * Give zeasooB foarvonr 
answer (BB) 


(B) A euemt is made np of M a battery with ternimala ^ JB, its 
raurismoe benjg 8 ohms and xts E M F» 2 7 vdltB . ifi) a wire BOt 
d resutsnoe rfi <dinui , (ui) two wuea m pataOd mranit^ ODF^ 
OBFf with reepeotave leemta n ee a 3 and 7 ohms , fav) a wire FAt d 
renstanoe 1*6 cdims The middle point d the feat wire xa pat to 
earth Find the potentnl at pomta A^BfOtF* vB B } 


Saohoii O 

(I) Stato the Law of Ohm, and apply it to oalonlate bow many 
Grove odb» eaoh havuman eleotiomotivB liotea of 1 8 vdlte and an 
intemsl xesutanoa of 0 07 ohm, will be zeqaued to send a eorrent 
of 10 amperes through a resistanee of 2*2 ohms (Liter B So ) 

(21 State the law of sabdineicm of a onrrent m a divided mxomtb 
Seisin how yon wonld axnnge 86 oeUs of a battery, ouh teving 
an intermd resntanea of 1 6 oiutts, ao as to send the etamgest 
posnble oorrent throng^ an external xesistaiioe of 6 6 ohms 

(Inter BSo) 


T > 
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(3) If a cell has an E M F of 1 08 volts and 5 ohm internal 

resistance, and if the terminals are connected bv two wires in 
parallel of 1 ohm and 2 ohms resistance respeetiiely, what u the 
cnixent in each, and what is the ratio of the heats developed m 
®ftoh ’ (Inter B Sol) 

(4) An eleetno light installation eonsiats of a group of lamps m 
parallel are between the ends of leads The lea£ ^>e total 
resistance 4 ohm* and hnng current from sixty aocamulatois each 
with E M F 2 volts and resistance *01 ohm When twenty-fire 
lamps are switched on each takes 4 ampere Find the resistance of 
a lamp, and the watts used in each part of the oironit 

O^tcr B So Hons } 

(5) State the laws governing the distnbntion of current in a 

netmrk of wires. A battery of 6 \olts E M F and 0 5 ohm 
internal resistance is joined in paralld with another of 10 %olts 
E M F and 1 ohm int^al resistance, and the combination is ns^ 
to send current through on external resistance of 12 ohma Oslcu- 
late the onrrent through each batterj (B So ) 

(6) A framework is mode out of six pieces of the same wire 

forming a sqnare and its two diagonals it is fixed together at the 
angles of the square and at the crossing point of the diagonals 
What IB the equivalent resistance of the frame between the two 
ends of ^e same diagonals * (B S&) 

(7) Show bow to calculate the current throi^ the galvanometer 
m Wheatstone bridge arrangement of oonanotors. (B So. Hons.) 

(8) Let ABf BOf OJDf BA be four uniform wires, each of umt 

resistance^ joined in the form of a rauare A BOB, let be a point 
in the Bide CD smdi that CE is to SB in the ratio of $J2 to 1, and 
let A be joined to ^ by a wire AE of unit resistance Show that, 
if the pomts A and Q be maintained at different potentials, then 
the potential of S is e^l to i^t of B, bo that no current will flow 
along a wire joining BE (Tnpos ) 

(9) A tetrahedral framework is made of wires cut from the same 
coil if pairs of opposite edges be equal and of lengths a, b, c 
respectiiely, and a enrrent enters and lea\es tlio framework at the 
ends of an edge of length a, then the strengtlis of the onirents in 
the pairs of edges of length a are in the rauo 

b(a + tf) + + h) h(o + c)-c(o + B 

(Jesus Gbllege) 

flO) In the previous question show ihtt the resistance of the 
whefle framework is that of a length of wire equal to 

L (JL. + _S£-) (St John’* College ) 

2\a-he a + bj 
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166 . Held dua to aldaeoar (hureiiitri— Wo mask now 
oosuader what detomunes the mtoui^ of the Md at any 
poist in the nughboitrliood o£ a eondnotor emjmg a 
oorront 


Bc]^ Bix a icng wire verinoBlly and paw a ouneat 19 the wuq 
usiutlwomUatKm 40t findthaniiiaherof 

OMnuataoDB (a.) w nuirate ab dutanM di daa magnatao east of tha 
vire K|opacatdiataiiwd^ 8 iidlrt theiramber per mumfce 
wntoh offthe onnrenband let On be ine number per muinte under 
the inflnenoe of 6 ie earth alone On the east of the wire the 
eartii*a field and the field doe to the onmab ore in the aome dsieo- 
tio&t henoe(Art 40H 


iii* - i^^wfieMdimbotibeoiitnatatdutaaoacIi, 
‘-•iiQ’^afielddiw to tiwoiiireiitat dutaoMi^, 


» ^ iZi« 1 e Che 
!Qit8 IB kaDvo 


and it will be found that (Hi* - Ho*) (fio*-0)^ 

aa Biotazm Saiartfo fixpenmmt 
Lulnde an ammeter 187) m the einnuti^ and also an adiiu^ 
aWe rwistanoa so that tho encrent may be indicated ara its 
str^mth vaned With ouiient I\ passingi let n. be the nnnber of 
mlatmiiB per unnnte at a oertam pmntv and with oonent A letiu 
be tnennmber per smnito oC Che some pome 9 then 


- Oq* « field at a eertain diatenoe w hen the eurreot is 
lb* - f>B* ee field at the same distanee when the omrent is If, 
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MASiranc bffeots of cnBREHTa 


In discusBing the latr established bj Biot and 8a,yart, 
Laplace sho'ired that the result may be deduced mathe- 
maticaJly from the following assumphons — 

Let AS CFig 816) repiesent a wire canying a current, 
then, consideiug the fidd due to a very small element^ db, 
it IS assumed tut the mtensily of 
B| the field at o due to the current in 

j that dement is — 



1. Jhredl]/ proportional to the 
strength of the current in AS 
2 Streotly proporhonal to tiie 
distance ab', that is to the appaient 
length of the dement ab as seen 
from 0 (The hne ah' is drawn at 
nght angles to the hne eo, which 
joins c to 0 , the middle pomt of oh ) 
8 Inversely prc^orbonal to the 
sguare of the dt^amee of the dement 
iS> from 0 , that is to co^ 

Bjence, if S denote the intensily 
of the fidd at e due to the dement 
db, and I the strength of the current in AS, we have 

J f or or 

(oc/ 


Vig 816 


Ea. 


(oe)' 


{ 00 )* 


where a denotes the angle aoo, and 0 the angle Peo 
The direohoii of JJ is penendicular to theplaaethrongn 
e and AB To deteimme the mtensify, at any pomi^ due 
to a current in a conductor of given form and position^ it 
IS neoessaiy to sum up the efccfcs due to each demmt 
the result of ihB summation gives the total intensily due 
to the current in the conductor tahen as a whole 


In the case of an infinitely long stnuf^t oondootor, by applying 
Laulace’fi BflunmrfanM to the two oases shown in ^ ol7, wnere 
the distancas of the pomt c from the wire ate d and <r, wo get 


Etc 


/ absma 


and 


» _jr*a'6'sma 
^ ' 



auLGVBOXO Enrsoxs or ouBEBirxa. 


BntfEomihefigiice 

H 

06 oP * Hi 
AadgeometnoBlIy 
o5 d 
J?? 7’ 

Thu induAtM IliBt the effisob 
of UHb diomait vanes m- 
venefy as the dwtsiuw^ sad 
tiuaerate hy sumuBbaa the 
total fiflbofe ii the whole wire 
at aey vouit vanes mvetsely 
as tiu outuioe of tiie point 
from the wire TbosLaplaoera 
imrthematios agrees wiu Biot 
and Savasifs Bspeament 



AemdioatedinArt 161, 
the umta esre ao aelected 

that the eKpiearione Hoo Job tin e/(oe)\ebQ , above hoeome 
egHoItites, hence the iatensiler of 
the Add at anypoiat due to a easy 
sent in a stsiiiffht wire of finite 
l e n g th IB oaloulated as foUowa — * 
IhEig 818 let JBJ.be the oondiif^ 
CBiijingacnneDtXeiii unitBandjP 
the pQu^ deni from the eondnetor, 
at whuh the intenaxtj m leoinred. 
let J?6 ss r, the ande DFb = d, 
the small incxemeim hPa =s dd , let 
ana lihe aa^ 



lERnLdatPdneto (fts ss 5^?.— ^ ^ 

-pr -p ^ 

But 4=«»».»«-- = ^ 

“ T d 

•• Field at P doe to 6a as ~ ooa d.dd, 

a 


?0 


MAOSETtO EFfEOTS OF OVBBEETS 


and liiie total field (H) at P due to the whole coadoetor 
BA » tile lategral o£ the ahore between the hunts ^ = — 
and 0 = ^ 1 , that is— 


te. 



JT = — (sin + sin d,) 

w 


( 1 ) 


In the case of on injimidy Ung eoniueior 
and therefore sin =: sin ss 1 , hence 



ir = 


d 


( 2 ) 


In Art 173 it is shown that the work done in moving 
wnit. pole once round an infinitelj long condnctoi convmg 
acuiTsntJem units is dwj BJS’mtheintensitjrofthe 
firid at ^stance d, JET measures the force on imit pole at 
tins distance, and the work done in moving the unit pole 
round the conductor in a circle of radius d is given bj 
the product of &e foice and the distance, t e bj fiinZff , 
hence 

2irdF=:4)rI,te JETaST/d. 

If I be in awperea the nght-hand expresoons of (1) and 
(2) mnst^ of course, be divided bj 10 


166. neld at the Centre of a Circular Current — 
O ft Tii fidflr the conductor AB to be looped into a circle as 
shown in 819. and let us determine the mtensity of 
the magnetic fidd at e, the centoe of the drde 
ffft ififidnringF the oction of tho element db, the intensitv 

of the fidd IS where I denotes the current m AB 

and r the radius of the cade Now, since each dement of 
the conductor » dmilarly pW idntivdy to ®, 
tensily of the fidd at e due to the eonductoi AB taken os 
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a vlule 18 13iQt u or Hence, if H 

I* T* r 

denote tiie total mtemotj of the field at e, then 


H = 


firl 


I heu^ mem nmts and r in 
oentunetieB 

If the coil oonsute of n tiuna 
Boffiaentij thin to he legaided 
aecoinoLrantt 

jBr_a*»£ .. .(8) 


’O' 


Fig 819 


The duectian of the field at e u at right anglee to^the 
vlane of the cod, and may he determined hy Anmete'e 
Bole or I3ie Sight Hand Bnle (Art 146); mS^ 8l9 it 
18 upwards tomuds the leader. 

Iv 880 showB roimhly the Imes of force, withm a 
Bmall space abed at w centre the field is piaotieally 
imdonn, te the Imes of 
are approximately parallel eqni* 
distant straight Imes, this is 
utilised in the tangent gahano- 
meter (Art 177} 




Fig 880 


F|g 881. 


167. KeH at any Pidnt on the Anie of a Cixonlar 
Cmxsnt — Consider first the field at P (Fig 881) doe to 
the^rainll dement oh of the coil The intensity is eleaily 

— ^m a dxtection at i^ht angles to AP; let PE repte. 

sent this, and resolTe it into two components, tiz PjB 



7S 


UAGNETIC EFFXOXB OF CUBKENTS 


tiUmg the ans, and PF perpendioular theieto Onlj the 
compouent nlong the axis need be considered, for irhen the 
whole nng is ta^ into account the vertical components 
cancel eaw other From the similar tnan gles HJPK and 
OAF— 


PS__ r 
¥K~ o ’ 



or, denotmg the horizontal component PJET bj A— 
a c? 


Olearlr, for the whole nng, the intensity Plat P will ha 
obtoinea by soinimi^ the above for all llie elements into 
winch the nng is divided, t e 



V I 2bt 
a? 


o* 


and if there are n toms (as in (S) above) — 
H = ^”'***'*^ _ 


a* 




(4) 


When d = 0 this reduces to U = 2iriiJ/r the result 
obtained above for the field at the centre of the coil 


168. FidLd midway between Two S imila r Coaxial 
Circular Coils, the Distance apart being equal to the 
Radius — ^From (4) of the preceding article itfoUows that 

the field due to umt current in the coil is 2mt7^f((P + 
and from this the vanabon of the field along the ans may 
be graphnally represented by working out the value of the 
fialfl for different values of d The curve m Fig 822 
depicts this vanabon, the absmssae denobng 
Binng the OTia and the ordinates values of the field The 
curve IS at first concave towards 0, but the curvature 
Ije P fim iw less and less and quickly (dianges sign, the curve 
becoming convex towards 0 ^ 

The pomt of inflecbon or diange of curvatnre is at tue 
pomt where d = Jr, and at this point the curve is. for a 
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ihoit length, maotscolly a stro^ht line If, iherefote, ire 
bave tiro eqnuciraidai cods pli^ with thw axes oomoi- 






BOA 
Vig BSB 


tot at a duttmee afort eanal to iko raiwa tf eii&er, 
^ the seine dueebon slnig the oomman axu, the 
me of maease oi the 
fidd doe to one cod at 
a point midway hetween 
the tivo OQib ]B equal ia 
late of decrease of 
w fidd due to tihe oliber 
ooil at ^ aaane pomk 
wd Hie fidd tor a fair 
outaaoe on ea^ side of 
2 ”® P®®t Toll bepraa* 

OSusie 
gmtliiisaQr m 
Vig 828 l^&tted 
ehosr the fields 
for the sepai^ coils, 
ond ilie full Iipa ourre. 

Ae TQBuliaiit of the taro 
mted enrves. rqpresea is 
the resnltiuii fidd due 
to the ivo coils; the 
Bonzontel perb 
oufiurmitj of field Fig 

321 shoira the fidd of foroo between the cods end deaxlj 
mdieotes that, in the nuddle of the field, there is a region 


r-j 

S— J 

n ' • • il . ! ! s ; 




; t T 


wumnnawM 

•}-n 
1 ’ 

1 f 1 1 1 t 1 i ( 1 \ 

1 ^ 

j * ■ 1 » 1 i 1 « i 7^ 
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suoysrio effecxs of oobbeme 


of compaiatirelj fair extent where the field is praetieaU^ 
tnufocm, this is utilised m the Edmholh 
ioTigeTit ^lanmeter (Alt 178') 


M 

ft! 

OP 

»-2d“ " 

Fig 325 


Field»tPs=a' = 


The truth of the above may be shown mathe* 
matically os follows ^Let^(E^g 325) be the 
distance apart of the coils and 0 uie mid pout 
Take a pout P near to O and let OPssx, 
AP ss d-{-z and BP ss ss) Assume 
unit current to flow u the same direotion u 
eachcoil^ and let the xudins of each eml be rj 
then 

^ +. ' 


s=ff = 2«(rs f- 

b 


?] 


_{W + x)* + r»jS {(<i-x)^ + r>\ 

Difieteatiabng with nspeet to x— 

^ - 2«ii^ r S(i + x) 3(d-x) n 

+ *)* {W - *)* + J 

JJGT 

To find the conditicm for nnifonn field ^ must he equate to 


zero; hence 


rf-j 


!. (d + *) {(d - *)* + “ (d - *) fld + »)* + 

Xbw {{d *)* + »*}^ « (d* + r* + 2wi)8 ne^ectmg a? 


W 


Sxi 


= («>+rt»(l + y^ + 

SumJaily . , 

{(d-*l»+ » {<?+ 1^)* (1 - 

andsnbsbtnbngmW 


) 

fitd 

<P + r* 


) 


= (d-x)(d=+r«)*{l + ^;s)' 


. §^^*=d-* + 


te. 


ftp 

tP-rJ^ 


£P + l^ 

J, hence d a 




t^or2ds 

2 
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Thn, tonoim ft TCiy nmfom fidd m iha OBobsl ngno befemsn 
ths cods, ths dntanoB apftrfe most be eqnid to the ladins of eiiher 


The field at the ceutie due to onxrsnt I in the ooils is 


clearly 



82»rnr 
Sv^S*". r 


C5) 


169, Field doe to a Bdenoidal Cnsrentir-A farther 
extenaon of the resnlt of Art 167 shoira that the mteosity 
of the field m the interior of a long closdj aronnd sdlenoid 
us^reahj 



( 6 ) 


nrhere Jistheeanentineia xmits, 5 the total nuinber of 
toms of the solenoid, and I its lesu^ The fidd is {ino' 
tuatly mufonn exo^ near the enu, and is Ko^ fke otoM 
valve at the end* u o he tite nmnher of tarns per unit 

length, nssSlltiaA 

B=s4.vHr (7) 



SS6 diowB ajppioximately the Tanation of the field 
n the case of a solenoid 

.T he ftho ie rdatuHis may be eetaUished os foDawi —Let » be 
the oiunut per mat len^ of the sdcaoid so ihftti.de is the 
««rrcnt in the thin shoe ef» (Fig 837) ThefidaatPdnetoiUBis 

Kovi;® «mne. iade« fLi! 

mne 


field Afc to tHw dio0 dx is 


Sm^wd$ 
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KAaUBTlO SFFBCTB OF CITBSBHXS 


If BUI ^ 

Of 




Fidd at P due to shoe cZsr » 


2jnr^d0 


a*8in9 

ss 271 siu 0 


d$ 



Thus if 01 and 9 ^ be tbe values of 
0 for ihB ends of the 8 olenoid| the 
total field J?* at P is blenrlj 


o_ f®* 

as 27» I I 
JBi 


mn0 do 


jPORTION OF SOLENOID 


Fig 827 


.2 «[cosb]^; 

as 2v% (OOS - 008 Pj) 

If J be the ouiient m the solenoid^ 
S toted tnrn^ and I the length, 
« ss Sl/l , hence 

2v8I. 


jEr=‘ 


-(008 6x -00802) (S) 


If the solenoid be verp long and P be well removed from either 
end, pniofcioaUy d, s 0 end C, - »•, bo that cos ff, - 003 = 2 and 

j,_4r8r 

Ja ~ — j— • 

Attheoxtremeeiidofa\OTlongsolenoid,pra«tiool^j ooa^:sOiuid 

oo*tf, = J, 8 othBt 5 '“-^, 10. half the mlamlp at Os central 
parla of the solenoid 

A P»oof » based on the results of Art 173, to 
that the wk done in movoe current- 

carrying wire is 4irl Imagina unit t»le 
S^^akmg the path ABODAJ^ 
the work done is iarl foi eaeh tim ^ ’*’^5® 

Xf there are n turns per unit length, WM 
total turns in the part considered are nA£ 
and, the work done is 4rl x „ 

„a^M*^aiSeWs me®at nght imgles to the hnes of 


n. n 

-»r- 

PORTION OF 
SOLENOID 

Fig S 28 
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foioa wliidi are orowdiBd into a small apaoe inndo azo 
spread out thzonghoat tho whole field outsidei so that the 
rem along OB, and fhereEoie Ihe work, is s^g^ble 
The work in. going along AS u JST X AB, where jBT is the 
intenidly inameTu^^ 

ff X 2S=S 4rl X nJW, H =S 4jmiT. 

170. Faroe exerted on a Oosdnetor oarryind a 
Cnixent in a Sbgnetio Fuldii — ^In Fig 829a A is fiie 


eross^eolaon of a stnught mie plaoed at mht angles to 
I3ie magnsbo Mi ine to the N and S, t e at right 
anj^ to the plane of the mper ; the . . 

linea at B ana 0 miicatB w gooeral ' // V\" ^ 

ixrecbon of the hnes of fonse of the oyffT^W > t 
Md Imagme noir tihot a oonent v\S^^a/ ^ 
passes wnwnris in the fnie, thecmile | ©"“H 

alioat Ine mie iniioates the general 
dueebon of Uia liwaa doe to l£s oai> 
rent On the side 0 the two s^ of lines ace m the ssme 
dueohon and repel eaohoQier, on the aide F the tiro seta 
are m opposite doeatums axri oanod eacih ofiier. 23ie 
N 


S 

Fig 829s 
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MAOKETIC BFFISCTS OP CITRBENTS. 


dzrecfalOA in wliich ibe north pole tends to more round the 
current. The latter is given by, say, the right hand role 
of Art 146, the former--*the direction in which a con- 
ductor carzying a curient tends to move in a magnetio 
fidd— IS perhaps best given in most pwhcal eases the 
following left hand rale due to Fleming* — Sold (he 
ffiumb am the first two fingers of the left ham muittoBg at 
right angles , place the fm efinger in ffte direction of the lines 
offoTceofthe ^Idinwhichtheconductoriasttmtei (N to 8)t 
and turn the hand so Oiat the middle finger points tn me dxrec- 
tion of the current i the thumb mUimic^e the direction of 
motion of the conductor Olearlv, if the diioction of the 
curient or the duection of the field be xeversed the direction 
of the foice wiU be reversedi but if ho^ field and current 
be reversed the direction of tiie force will be unaltered 


Numerous exporimeats may bo devised to illustrate these **rota 
tiona” and to \enfy the rules given Thus m Fig 331 the vertiesl 
magnet is surrounded by a ring troouh con 
taming merouty up to about the level of the 
mid point of mo magnet^ and a oonducting 
mrouit IS pivoted on tine end of the magnet os 
shown On passing a ourrent up the megnet 
mod down the oirouit oontmuons rotation of 
the latter ensues, and the left hand rule may 
be venfled If a solenoid oanying a atroim 
ounent be substituted for the magnet, and 
the apparatus modified oooordingly, the same 
takes plooe Further, dehor magnet 
be snitebly weighted, so that it floats verti- 
cally in merouiy, it can, by suitable arrange 
ment^ be caused to rotate round an insulatm verboal oenduo^ 
dipping into the mercuiy when a ooixent is passed through the 



Fig 331 


ttotor 


An expression for tlie magnitude of the force acting on 
^ conductor may be obtained as follows — ^The mtensxty 
h of the magnetic fidd at c (Pig 816) due to the element 
ab IB given by 

h=i^, 

oc^ 

the dnectiaB of the field at c being at nght angles to tbe 
plane dbc€ 
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If Tre denote oi Iw Zi on 1v **1 Bndl' node aon br a, 
Iben 

« _ Uema 

— jp ■ 

Thin ejgptessum fac the latennlgr of the magnetio Md 
at 0 gives the fone vrhuih a imit narth pole Wud espeii- 
enoe if planed atb that pomt It theiefotB gives the force 
whudi a unit north poita at e vronld exert on the wlamMif. 

Bnt the slxengm of ^ magmstu) fidd at o, dne to a 
unit north polB at e, u 1/^. Shnoe the force exerted 
on the denuoit ab in a magnelae field of mtocaifo 1/f* is 
I I Biu a l/i^ , that IS, m a fidd of inten8ib|r E &e force 
exerted on the dement ob of the oondoetor AS eanying a 
onnxentXiB 

TotcesZHlaina 

S the condnotor is straight and the fidd nmfotm, flinr* 
^xesdtinajheapphedtoaeondtiotar of fimfa* length 
further, in the case « a condnotor of length 1^ dam of 
onglw to a uniform fidd dl stnsieih E vre have 
(since sin a ss 1)— 

Ftoce = r.jBr.l 



IVl. Work Done in IKsplaoing in a 

SidA a Ghconit oaanqring a Ouxxent. 

Consider first a straight condnotor of 
length Z cm placed at ri^t angles to a 
unuorm fidd of strengto^S ntiitg 
cattTmg a current of I em. unite , the 
force on the condnotor is XHZ dnes If 
the conductor moves as indicated in Pig 
882 through a distance x ein«, the itok 
done n luh cm , hut Z x a n the area 
auept out, and Hlx la, therafore, tiie total number of wnt 
M.Axns. gQ 


V 

I 

I 

jL. 


wonoH 

FIELO 

UnVABDS 


J<«x M 

Vig 832 
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tubes of force (JO cut the eondnctor durmg the dis- 
placement, hence 

Work = I J' = current x tubes cut 


Szample If a wire oatiTing 80 amperes moves m a field so as 
to ont 10,000 unit tubes, the work done is |§ x 10^000 k 30,000eigs 

A more general proof of the above is as follows Let 
ttb (Fig 883) represent an element of a conductorcBiiTing 
a current in the direction of the airow, and let aR denote 
the directilon and strength of the magnetic field acting on 
the element Also let oF, drawn m a direction at right 

aamles to the plane of ah 
and aJS*, lepresent ilie 
leohon of the force /aohng 
on the dmuent ab 
If now the element re- 
maining paralld to its first 
position suffer a verj small 
dr^lacement to the posi- 
tion a%', the work done m 
effecting the displacement 
br the force actmg on the 
element is measured bjr 
f aoP, where aa" is the 
projection of ao' on the 
mreotion of / Bat if JET 
denote the mtensify of the 
field, then bj Art 170 we 



Fig 833 


jjave / = Bin a, where a denotes the angle haH 
and I the current m the element, that is, the wort done 
m the displacement is equal to lEab sm a. oa" But 
ah dn a on" is ab" oa", the area of W which is the 
nroiection of the area aa'll on a plane through a at nght 
nTurtP s to the direction of the magnetic field The qnantitr 
Salsaia.aa" is, therefore, the flow of ttonugh 
M or iheaumber of mat tubes of force eui^ tie dement 
during its displacment into the position aV. Thus we 
obtam, as before, the result that the work done = current 
X tuto cut 
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172. Cnxveiit CSronita and Sguvalent Uagnets 
and magnetic ShdUs.— Let a drcalar coil o£ ra^us r 
canying a current Jem units be fixed vntii its plane m 
the mendian, the force on umt pole at P (Pig 321) is 

2j»t*I/(<P + r*)^, » s Sin^IjcP, say, if r be small compared 
\nth d Eience if a small ma^t of pole stren^h m and 
length I be placed at P, tme conple on it due to the 
coif is 


Couple 


where A is the fiice area of the coil and If is the moment 
^ the magnet at P 

If the coil be now leplaced by a small “ end on ” magnet 
of ninmant Jlf, the couple on the mi^net at P is (Art M) 


Couple = 


22lf,ir 


If these are identical Jf, = AJ, thus m the ease con- 
sidered the envtdar current w equtvaleat to a magnet the 
moment ^ wh/ush ts mtmerieallg egutd to the enrrent tnem 
vmte mMtpbed hy the area of the ml face 
Now let the circular current be replaced by a magnebo 
b>a 11 of moment jK whose bound^ coincides wito the 
wire, shell wiU be equivalent to the cunentif 2f| 
= AT, t e if MJA ss J But MJA is the moment per 
unit Br 0 a»i t o ilio of tho (Art 86) i thus ihB 

circular mrrmt « epavdeni to a magneiie shell He sirenglh 
uihi^ IS mmei leallg equal to the eurrent tnem »»ife 
The ^th rf the above can also be dtret^y deduced from 
fftrtff iiliia previously esteblished Thus m Art 86 it is 
shown that the field at P due to a shell of circulm contom 
IB ^Ja*. where r « the «diu8 of Jm fa« rf the sM. 


Si the uoint P If a curoulor onnent of the same bounoaiy 

M 2irr’I/»'i equivalent if, numencally, 

* iv fer we have dealt with the special case of a cirenJar 
^oS^for convemence. but the tfieonnn of the eguiwlent 
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nogRstie «&ett u applioable to ta.j closed cunent dtcml 
Thus it has been dumn in Axt 86 that the potential oC a 
magnebo diell m ami^inBtio field la where ^ is the 
strength the didl lUM F the flow of fioroe thioo^ the 
contow of the didl from its neeatiTe side to its posibre 
side It has also been shown inlit 171thatthfipotential 
of a dosed mienit can jing a omient I in a mag^mbn field 
IS — IF, where Iia the strength of the cuixent and Fthe 
flow of foice thior^ the micmt from its negative to ib 
pmtiTende Itn evident that if I these two qnanr 
titles beoonm equal , hence the general statement that a 
dosed cirnift gwea nee Ut ffis eamefidd, and w etdned to 
As eamefin eeeina magndwfldd, ae a magndte Amof the 
eoffie eeiaoKr as the etremt, the of tlw shw te 

ejptal to the stresjth qf the eurniit in em umts, this is 
retened to ns Amphre's themem 

If tiiB sir msdium be entira^ xmlaoed bjr a medima of penne- 
smht; |i the stnogth of the equvaimt eheutnUbeeJ 


173, Work dons in ounsring a Unit Fols Bound a 
CnxBentri— From the preceding it follows that all the 
tuoomoB lablang to nuigiietic shoOs ^ti bo applied to ft 
Giosed amndt eapposnig it vqplajoed hr the equmlent 
mgnetio shdl. Thu”, for a m^^e shell of stren^ A 
the potential at any point (Art 8^ is given ^ where 
w IS the angle whidi the contonr of the oliftH anhtanb at 
the pomt Eience, the potentaal doe to a dosed drooit at 
Miyp omt ig In, where I u the eleotromagqeho measure of 
™ enmnt and «• the angle which the oixonit eahtends at 
tM pmt It should he noted, however, that thia is tiie 
potential at the point, assuming that unit pole is broudt 
^ sa hifinito distance 19 to that point wifhotd 

the eitemt It the pole passes throngh the oaenit 
aao 1)^ to ^ flven pomt V a path outside the enwg it, 
A tlw angle subteuded by toe euomt from pomts alone 
tbejnto of toe pole chai^ from •» to 4r -}• u, and the 
fromlnte r(4r + s), t e by an amount 

ft! * *»** *» ttreadiny &e 

«iwif/roin onyjwni had; to tta samepoinf w 4rl,ud in 
threadmg the oiremt n times toe work u 4ffr«. 
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The above will be olear from an examinatiOD of Fig 334^ whiob 
represents a current oirout with its ]^ne ae nght angles to the 
plane of the paper At A indefinitely near the north fioe of toe 

Guonit toe scdid ancle is fir and toe 
potential + fir/ potential&Us 
in gome along the path ABO , . i 
being rj at Si jk/ at 0, zero at D, 
- 2 tJ at 0, the angles subtended 
at j?, 0, i>i being indicated in 
toe figure The work done in 
moving mntpolo from AtoO shag 
toe path JbODEFO is toereforo 
hri (the chauM m potential) The 
work required to oomplete toe path 
GA 18 fuf, Binoe the distanoe is in 
defimtoly small Hence the loorit 
done tn fnovmg ppU frm A 
€iong Ote path ABOBMFG bad to 
Afie aiongapadhidedcncawith 
the current^ u M If the (dosed 
path 18 not linked with toe aarrmt, 
Big eg toe path A'FO CPA\ toe 

work 18 nd 

Ihe work done m (sortying luut pole along aay path 
from one pomt to another is called the hm tfdegral ^ (he 
field between the two pozntSj and the line mt^al of a 
field round a closed path is called the cfu/fl jffeW j 
hence for a path Indeed with a canent 
Ourl Ja' = 4irl 

It will be remembered that this relation was used in toe alterna 
tive proofs of toe forzonlae in Arts 165 and 169 



174 GalvaaoBCOpeB and CMimnometw.— 
ments in which magnetic effects are utilised for the 
detection of currents are ieimed galvanosoopea, more 
accurate forms designed for current measurement bemg 

^he 8^™“^ consiate of a 

nfitacneedte^ with a wire placed above it and in the n^dian 
mocease the senaifaveness of tlus airangement the wim 
mto a ooil with the needle at its centre, 

Se fcS m sucih a cace all the currents both above 
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iiod beW the needle aie uimne it u the same dueoboa, 
and thus a veak ciinent vilTbeWter able to prodnce a 
defleotion 

In both these oases it vdl be observed that the aotioa of 
tlie earth on the needle is opposing that of the oonent^for 
the fotmer » striTing to set it m the meiidiui, whilst the 
latter is endeavonimg to set it atnght angles thereto, from 
which it follows that to seeoregiealersensibilifytheaotuni 
ol the earth must be parlaallj diminated is more 
or less aceomplisiiedl^em^03 mg instead of asingle needle 
an *■ aatatio” pair i that is, a oombination of two nee^s 
oC e<^l length and strength (or eq^nal ** moment”), fixed 
pamllel with nnhka poles adjacent, and with their mi^netio 
axes m the same vertiaal ^ne, and in wbidh tbeiefore the 
taming e&cct of the earth on one is cuicelled by the eipial 



Fig 335 


tuiuing effect m the opposite direction on the other The 
two mctltods of wnimng such an anrangement so as to 
form on "ostatio galvanometer "aie shown mFig 885 , 
I? appijing the nglit luind role it will bo seen tli& both 
necdlck arc nrged in the «Aine direction. 

constittctioa of a peifeeily astatic pair la difficult, 
and in fact undesirable here, but it partially astatic, in 
unicU case the mnfiolhng mflnenco is inamly the toimon 
01 ibc ^Mudiog fibrciaTeiy senuhre gahanomoter is 
obtamfd. Tho deilcclion may be read either by means of 
a jwmfei attached to tho moving sjstem or by the " lamp 
and «cale inetlio .1 nplained in Art 11 


Ibt Benre of nent of 
tlift ce'Itvl on u ci\cfi 


any ordinary gaUmmmetet m nrlnelt 
0 poimer jao\in^ o\cr a cc&lo ^ 
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degrees is usually defined os the ourrent in amperes nooesssiy to 
produce a dofleotion of , in the cose of a rofleoting galvanometer 
it 18 taken to be the ourrent neoessaiy to produoo one millimetre 
defleotion on a scale placed one metro from the mirror of the gal 
vanometer 

The sensibility of a reflecting galvanometer is. however, m order 
to take vanous factors into account^ more exaotiy defined os the 
number of millimetres deflection produced on a scale one metre 
from the mirror by a ourrent of one millionth of an ampere, reduced 
to the corresponding defleotion for the same rate of expenditure of 
eneigr if the resistance of tho galvanometer were one ohm and the 
penra of vibration one second Mathematically, if < be the period 
of vibzatioD, r ohms tho galvanometer resistance, and d mm the 
dofleotion when the ourrent is 10"” ampere and tho distance of the 
scale one metre, it can be shown that 

Sensibility = 

Galvanometers are often wound with two coils, one oonsisfang of 
few turns, t^ other of mapy turns of wire A moderately strong 
ourrent is passed through nie former, but a weak current through 
the latter, for the greater the number of times it is earned round 
the greatOT wiU be its ofieot on the needle Of course the ocnl of 
many turns must ncoessanly be of fine wire to avoid the instrument 
approaching unwieldy dimensions 

&e momng part of a galvanometer or other measuring instrn* 
ment (ammeter, voltmeter, etc ) tends to oscillate about a mean 
position when the ourrent is started, stopped, or varied Xhis is 
often undesirable and a ‘‘damping” device is frequency mtro- 
dnoed to prevent this undue oscillation , the instrument is then 
said to be “ dead beat “ Dampii^ is secured hy utilising (1) ihe 
mscosUv of /tguufr— the moving part oames a bght vane uhich 
moves in a liquid (usually oil) , J2) oir /nefton-the vane moves in 
air. ofteu, m commercial instruments, taking the form of a piston 
moving in a tube , (3) induced cicrrsnto— the movipg part has onr- 
rents developed in it which oppose the motion 


17S. The Selnn Uuxor Galvanometers —One 
tvoe IS shown m Fig 836 The coil is wound on a com- 
Mkrafcively small ciroukr reel, S, endosed m S, a 
dncal brass box with a glass front The needle of the 
IS a short, carefully mi^nefased strip of steel, 
by shellac or cement to the of a small con- 

care mirror, m, suspended ®'\***® 

^tn of the coil Tho deflection of the magnet is 
measnied by the mirror and scale method 
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Thelaine “contndlinff” magnet, N8, Bupported above 
the cod, niu eeveiil important uses ]K tnu mamet be 
lemored, the nee^ of the gBlvanometer aeta in the ma^ 
netm niamaiftTi and the magpebo field in irhidh it liea la 
that due to the honzont^ component oC the earth'a field 
If now the magnet be replaced 'with ita length in the mag- 
netiffl mendian and ita touth pole pomting northwaida, the 
magnebe fidd which it produces at 
the centra of the coil 'Will be added 
to that due to (he earth The 
needle will now be more difilenlt 
todefieob and, eonaeqnently, the 
gdyanometer wiU be leas senaibro 
^e nearer the magnet is to the 
cod, the greater wiU this effiect In, 
henee^ by kweiiiig the magnet on 
Its Bupp^ the senaibreneBB may 
be ytaj oonaiderably diminished 
however, the mamet be ra- 
plac^ with its north pde pombng 
northwards, the field it producea 
at the centia of the cod tends to 
nentraliae that due to the earth , 


and hence, loweiiim 
the field m the cod maj be de- 
eraaaed unbl, at a certem pomt, 
the field of the magnet enetly 
haloneea that of the earth. Iw 
thiB position of the magnet the 
needle la mutaUe, and ramama at 
test m any position, and if the 
nugnet lowered atdl more, the 
dii^on of the field is revened 
and the needle tends to turn round 



Fig 830 


through 18(P. Hence, m this case, the galvanometer 
cannot be used with the eontrolfiiu magnet lower than the 
poaibon of iiutiLbilily of ^ needle, but with the magnet 
dightly above this position the matrameat ia extrenwy 
aenaifaira Cnxranta of the order of one-nulbonth of an 
ampen can bo detected by this galvanometar. 
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176. ISoviag Ckal Galvanometers.— An eirlj form 
invented bj MM Despretz and D’ArsonvBl is sboim m 
Fie 838 The rectangular movable coil consists of a 
number of fine wires wsfi soaked in insulating varnish and 
suspended between the poles of a permanent hOTse-sboe 
mamet by wires or phosphor bronro strips, which ^o 
serve to conduct the current to and from the c«l. The 
lower wire is attached to a small spring, and the upper 
luZnsion to the torsion headatthot<m of the mstru- 
ment, m this way the coil is maintomed finnly m its 



lusssxio CT rao TB ov ouBSEinca 


Bomial poBdion, vu. \ntli its plane along Che linea of 
force of the Md heCireen Che magneb poles. A OTlmdncal 
piece of soft mm Q u anpported vitiun Che coU| and 
conoenCcaCme Che lutes lesiuCB ui an intense field in the 
qpace at earn side m wludh Che Terbcal Tnies of the ooil 
more 

When a ourrenC passes m Che ood, Che latter tends 
to set itself so as to enatose as many lutes of force as 



fig S8S 


^ pl““8 »c nght Mi gliM 

to to fidd brtwoen the poles, and this ntotem IS lesistod 

to oonb^g couple fanushed Ij the teimon of Che 
suneimoit. the coil m consequence taldng up an inter- 
medmto ]mition m irliiidt to dsBeotmg ana conttoUuiK 
oMjgrt Itala^ esA oihm. ThelSnced piwt^ 
oevelopM in the ooil wlieii it moros in the maenetio fi ftM 

ojq[K>8d the motion and TondertheniBiriimeut^ dead beat” 

us^^B the coil IS TTOund upon a condnctine ftame 
rf j^minium or silw , in s^ cases to mdnced cnixents 
(eddy eutmfe) derdoped fhetem shll farther oppose to 
motion and uterense the dead-heat action of to {^Ituio- 
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meter Further, vhen the cunent ceases odj osciUatioii 
of the coil maj be prevented by merelT connectmg for a 
moment &e ^vanometer termmals by a mre of low 
restahmce, the damping being as before produced by m- 
duced currents 

The dueotion of deflection is detemuned liy Flemmg’s 
left Wd rule; thus with the current passing as m 
838 the left>hand side of the cml moves “out of the 
papw” and the iight-hand side into it 

The law of this t^ of galvanometer may be developed 
as follows Let 2a be tm mean width ox tiie coil, I its 
mean Iragth, n the number of turns, and S the strength 
of the field m which the verhea^ branches of the coil hang 
Let a, supposed small, be the twist of the wire Then 
for a small additional an^ar deflection $ the number of 
tubes of force cut by eacm brandi is approzunatdy IdOH, 
and the work done is, as in Art IS’l, given by 2»Z IdffS 
This gives the moment of the couple causing deflection as 
equal to 2nl IdS U T denote the moment of the tor- 
sion couple for umt angular twist of the wire^ we therefore 
get ^nJliE^Ta. 

But 22d IS the mean area of the coil H this be denoted 
by A we have nLtff s= To, 


or 


njja 


This indicates that I a directly proportional to the 
deflection, provided ff is constant throughout the space 
m which the cod moves ' 

The more recent Igrpe of moving coil gal^om^r 
due to Ayrton and Mather is shown m Fig 339 ^e 
permanent magnet is of the shaw of a nem^compto 
CTlmder— a very nanow air gap on(y ensting brtween tto 
Li this gap hangs the long narrow coil mj^t^ 
m a thin silver tube , thus the “ damping is very efficient 
The coil has no ucn core, its shape and wio narrow on gap 

8UCb 11IlD6B8S8ftrT ii.ii « 

from tibe coil* 




Fir m 
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The advantages of these galvanometen may be said to be>~ 
(1) They are practically independent of tiie earth’s maenetto fi^d 
and may be set up in any oonvenient position. (2) The field in 
v^ioh the coils bang le so strong that magnetio fields due to dy* 
namos, etc , do not afieot the moings to any n^precia^i ext&U 
(3{ They are mnarbably dead beat and are not so sensitiTe to 
vibration in tbeir viouufy as those of ^rt 17fi 

If these galvanometers are mtended for ballistic vrork 
(Art 188) it 2 s important that the oseilbtions should be 
unchecked, and theatre a fwn-conduchng frame or tube 
for the coil must be used 


277. The Taage&t GalTimometer.— A simple form 
tangent galvanometer la shcrsm m IBig 841 It con- 
sists essentisUy of a mrculBir coil of a few toms of in- 
sulated vnre^ with a smaU magnetic 
needle pivot^ or suspended at the 
centre The needle is small, so that 
the magnetic fidd due to the current 
m the coil may be assumed uniform 
over the entire space in which the 
needle moves and equal to Ihe field at 
the centra of the coA A light alu- 
^ynnini pomfer attached to the needle 
enables me deflections to be xead on a 
horuBontd soJe graduated m degrees 
Xbe needle^ pomto, and scale are en- 
Fib 841 dosed in the shallow cylmdncal boi 
J?, which 18 fitted with a glass cover 

Errors due to naiallaat are avoid^ by finng » ^ 
fflUToi glass b^ tie pointer to working mto toe m- 
the ooil M 'first set in toe magnebo merttUan, 
TO toat toe needlfl and cod are m the same Tertug j^me , 
^ ounent to be measured is tow passed, and the angle 



f deftecfaon read on uom vao 

In Art 166 it is shown that the field at toe centre of 
toe cod 18 and if the field is umform m toe region 

b, B« «eai« li* *>« *■ “ “* *“ 

to tto OTM* ^ 
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of the Tt e w ll e FniUier, the foioe on eedk pole due to tiie 
earth is mS dnies; JET being the honzontal ccnnponent of 
the earth’s fiera 

BeEetnng to Tig 841a, it iriU be seen 
that the needle is at rest (deflecfaon a) 
under tiie influence of two eonples— a de- 
fiecbng conple due to the cuiient and a 
coutrouing ooivle due to the earth; eqnat- 
mg these oonplM ire hare 

F X ad ^ mJET X id, 


ur 

I 

I 


I 


ta 


F = mE X ^ = mS tan a, 

Oil 

ffiirtan a, 


mHl 


1 = 


flirn' 


'Etaao. 


T 


I 

s 


Ag ma. 


The &otor 2va/r (irhush gires the field 
at the centre of the cod due to umt ooiv 
rent) is called the coil oonstaat, and is 
the same irheierer the insfanunent is medi 
denoting it bj 0, ire bam 

• far 

r= -^tana 

The {actor SfQ- u cdled the reduotiou SaotoVf and it 
droenfla o& the Talee dE JBTt i a it Tanes iritb the place 
wfisre theinsfarnmeiitiBiiaed, deiiotixigib'l^ JT--- 

J = JBI tea a 
n I be in ampeies ^e baTe 

laKlOg^Jtan a ss lO^tan a ss lOJBTtaaa 


XoahrninRtetheenonmQiilaoi^ 41 ife u ousbomatj to 
nad hoih cnda oC the pointer mid theti to mtnt Ae o a rrfflf and 
egam toad both ends^ the mean of the four reodinffiB giw the 
vatne of a 

When posnble it u advisable to obtain dflfieotioDB in the nmwly 
ot aa in ptaeltea the oocnuaeip m veadmg la then ate meximnmf 
a gi^cn variaben in the enmot prodoemg ita greatest effeot in 
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region Thus, if eb be a small inorease in tibe defleofoon prodnoed 
by a small inorease dl in onrrent^ we have 

/sJE’tana, ^ ss K see’ n, 


t e 


^ — "CO* 
/ "" tan a 


2 


sin 2a 


da* 


"Now dI/1 IB the relative obange in the onrrent^ and for this to be 
os Bmall aa posaiMe/or a given value of da the fMtor SJ/isin 2a must 
be as small as possiolei t e sin 2a must be os large as possible , this 
IB so when 2a = 90”, t e when a s 46” 


The redoctioiL factor (K) u readily found in laboratory 
practice as follows — 

Szp. Arrange the tangent galvanometer, a small oopper sulphate 
voltameter fitted with copper eleotrodes, an adjustable resistanoe, 
a convenient battery— say two Parnell's oells— and a reversing key 
as m Fig silt Adjust the resistance until the deflection is about 
46^ Switoh oflf the ourrent^ dry, olean, and weigh the kathodeond 



a 

renliioB it Pass the onnent/or an exact tune saj one minute - 
&e galvanometer dofleotion and keeping it constanu 
- til* minent m and nin for another minute In 
QmoHy ^ pointeTi and take the mean of the four 

SI wwe^h the tothode . lot le grm be the inorease in weight 
Now 


J s JL (amperes) 
zt 


and I ^ lOK ton a (amperes), 


•here * = 0003281 (Ark 161) andt is the 'time m seconds the 
onmnt has been flowing , thus 


•0 


IffSTo** < 10 tana 
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(1) Tkt toAvf ti tangat galpnometv 1® 

Anw J&w mn on o narrow rwy nOm *5a 

latenoi^ JJte BWsne&J^ o< lie eantro <5e <*** **^ * 

^om anjMniWHa Aron^b tt 

Tbs mtnwifgr of tin nu^gnefeio Add nt the eontre of tlu eoil u 

J.tsi 

r 

Henn w 10| I vlamperes^OOSoUmt; aodr «S2cai. 
Therofore 

2xasxl0^3, 

7 X 22 X 10 T 

(2) GttfeHiDttt Ae radHCdan/Mtor ^ A« floftwwoaw^ 

Arr^ Co m Ae imflfldiiiflf Qvestom, omljM Ae a^/Mm tm^ a 
eunaA qf 0*21 ampere traiiU |imfies tAm jkum AnnigiA m 
iiulmnflif 

Tho xednolloo faobir of the gRlvanoauter u gnrea by 
,rH 


Ki 




Henoe^ tnloDg i7 s 0 IB native have 

g OBSforOQS nnitn 

2X88X10 

Ate if a denote the defleotum VEodnoed by a oamot of 021 
ampere^ that 0 081 C G 8 nuit^ uen fcom 

/ «s KfantL 

ereba^e 


tana « 


<0bl 


1 

T 


That 


a u an aiute ivhoee taagent sa L md u therefoEe an 
18*28^ 


178. She Helitthelts Taaigeat CMvaaoiiLatenr-^^^ 
oonetste of bvo equal cods acianged ea degcnbed m Art 
108 at a diefamee apart equal to the xadxiis of the ooila 
(Fig 842) She neodle la aaq^ended midvay betffeen 
worn Tliexe the field, u tnufonn 
As in the preceding case* m have 

F= fair tan a. 


U.JjaDB 


81 
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bnt tihe jReld in the region occupied by the needle is (Art 
168) 82TrfiJ/5^5r , hence 



Fig 842 


823mr 


— ~m = mS tan a 
5v'5r 

S^/gr 


179. The Sine Gal- 
vanometer, one form 
of whidi IS shoTm in 
Fig 848, is an instru- 
ment exactly similar m 
principle and construc- 
tion to the tangent 
galTonometer It dif- 
foiefnnnit only in the 
&ct that the ooil and 
needle box can he ro- 
tated round a oentnd 
rertical axis, and a hori- 
zontal oucidar scale is 



Fig 848 
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ptovided oa yrionSi the amount of tfaiB lotation caa hB 
aocoiatdj xead. 

Por use the inatraniiBint is adjusted in the same ymj as 
thetaau^t galTaaometeri hut when the needle is deflected 
the cou 18 rotated after it until the needle is OTertaloeii 1^ 
it and m th deeded jfonkon lies in the plane of the cou. 
The dmgram Pig 848 shows Ihe conditions of equi* 
libnum of the needle, and as betoxe we nmsb haive 


te 


F dbss mJBT.hd, 

= mg Id, 


r= 


r jf 


2ire ”ab Sira 


sm Oy 


where a denotes the deflectum of the needle or therotation 
of theooil, hmice 

X ss XTvSin Cy 

where K denotes the xeduohon factor of the instrument 


Bzami^s A am sohonometer wiCft a aftort naecfb m luad oi a 
Uauait swianonetsTp and vdimagivoi cunmtwpamd^Ymtf^ nt a 
d^flutmdW upimvctd JFMihed^tatmwhnhi^aamiar- 
chosra prodnee \f iht tnArvmatt vstb itaol as asms gabmamtar 

Heit^ when the gslTBuomstor is wed as a tangent gslvanometor, 
ae hs\a 

/» £ tan ail 

and when wed as a sme galvanometer we have 
I«« jXrina^ 

And from the condi t uma of the qwetion wa have 
K tan oi a jr am <4 


:8QPs 

ismos, 


or 

tan oi : 

Bat 


thcreftea 

■i 


tan SOT 

nr 

1 




That u, oj u an angle vIiom sme la ~or NT), and » 

thereron an anglo of abont 33* Ur. 
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180f Xhe Snddeill TOiormo* Galtranometey,— 
instrament is prunanij intended for the detection and 
measurement of verj small alteznatingor Taijingcnnents, 
e g such as are met with m telephone circuits and in the 
receiTing aenals of wireless tdegraphj A loop of silver 
wire L hangs bj a guarte fibre in between the 
poles N, 8 oi ni permanent magnet (Fig S4i) 
!nie lower cods of the loop are attached to 
**|{ pieces of bismuth and antimonj respectivelj, 
il 1 1 bismuth and antimonj being m contact at 

^ iiHi bottom Below this junction is szhzated 

II H the heater, which is a filament of wire or a 
guartz fibre platimsed, these heaters are of 
ranous resistances from 1 to 1,000 ohms 
When the current passes through heater, 
part of the heat devdoped is radiated to the 
Dismuth-antunoi^ junction, the result is (see 
Chapter XV ) that another current is set up 
m the suspended loop in the direction bismuth to antimonj 
thtuugh the junction of these two, and the loop is de* 
fleeted just as m the case of the monng coil galvanometer 
The ddlectxon is read bj means of the mmor IT, and a 
lamp and scale , it is proportional to tbo square of the 
current when the heater is central under the junction 

181. Shunts and Shunting. — ^To reduce the sensi- 
tiveness of a galvanometer or to 
pievent damage to the instrument 
xt 18 fteguentlj necessary to send 
only n portion of the current 
through It, this is effected bj con- ' T 1 

S/wv/ 

bethe total curreat, /, tlie 
porbon in the gal^ometer. L 
the portion in the shunt, 0 the gahanometer roMstance, 
and 5 Uie resistance of the slnint, th»n (Art 157) 

• n r O 




L 0 


+ 


a 


s 
Ts’ 
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Mid (2) 


Thus from. (1) wo learn, that the euirent in the galvano* 

meter la obtamM Ixj mnlhj^jing the total cunent hj the 
0 

toetor ^ and from (2) that the total ourrent le 
obtained by mnltiplju^ the gahaaioiiieter ennent br the 
{actor — , this latter factor la (tften denoted by m 


and u called the mUt^ymg 
fomr of the shunt, thus 


Q + 8 
B 


m, 


8 = 


a 


see • 


( 8 ) 


To send 1/10 cmlj of a conaat 
tiitougk a galvanometer 4^ 
tiplying poiror of the neoeasaxy 
drant mart he 10, and aahrti- 
tatmg Ihu for mm (8) ve find 
that ta the ahnnt la- 

Butonee murt he ^ of the gal- 
vanometer mutanoB Similady 
vi ^ ennent or of a 
ennent may he oanaed to pass 
throagha guvanomeber hj 
ahnnta having reaiatanoea ^and 
vov zeapeetavmj of the grivano- 
meter remrtance A aonnt hos 



Vig 846l 

destimed to meet lluMm 


reqmiommts IB ahown b Fig 846, by inamfcmgaQliiffm 
wy one of the three holes any desired Bhnnt is put across 
w geometer teimiiiala 8udi a shunt box cmi only 
De uaeg intti the parboidar galranoiOBter for irhibh it is 
oonstruoleda 
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Xhe uueruon of a shnnt evidon^ rednoes the total MUHiian^iA u 
the oinimt by an amount 


a- 


os 

0 + 8 ‘ 




G 

m 


This messuroB the additional resistanoe vhioh ixiiut be pnt in the 
nom oitonit to keep the total rcststosco and total ouneotae befine 
In coMiant tciai current thmUt ^e 
insertion of a shunt ooil throws auto 
inat!oa]l 3 r this requisite resistanoe 
into oirouit 

Tho pnncij^e of Alton’s “Uiii- 
rersal’^ shunt boi^ trhioh msy be 
employed with any golianometer, 
will be understood from Fig S47 
With the lever on stud 1 ^e whole 
of the ehnnt coils are employedi and 
the current in the golvanometo is, 
by ( 1 ) abovoi 

g^^ofthetotolonnent 

When the lever is moved to stud 
10 the 9,000 ohm ooil is inserted m the gahanometer branch and 
the ehnnt empbyed is of reaietanoo 1,000 ohms , the galvanometer 
ennent » now 

I ^ of (jio total ourrent^ 

(Q + 9000} + 1000 ’ ?TIS6oo ^ 

or A of tho galvanometer current m the first cose 
Tunimg tAo switch to stud 100 will result in a galvanometer 
oorrcnt^lff of the first and so on, and clearly tins is true whatever 
may be ^ value of G 



ShowUiatifabatteryof very low resistance he omi* 
neotcd to a hi&b resistance galvanometer and the galvanometer be 
then shunted tK deflection will remain piaotioally undhanged. 


182. BCntTifll Action of Currents.-— If we place 
two flat apuala of wire a s^rfc dzstanoa apart with their 
axes m the sazne sfEraaght line and pass currents round 
them, then (protidfid they have suitable free^m of move- 
ment) fJiey are fouud to approadi or recede from cm 
another, thus indicating resp^velj attraction or lepul- 
won. according as the currents circulata round them m ^ 
same or in opposite direcbons Beanng in mind that the 
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oatrentnnSeneaohBjnzalpaioi^^ a magnetk and also 
iha fandomental lair (£ deotxomagnatao polanlji it u eaqr 
to sea that thaw aotums ate m aooofdamee mill ilie lava of 
atbaotaon and tepolsioa hotweea tiro magneta 
Ampdre demonstrated m fihe ease of straif^ eneiuts 
the foDovmg lairs — 

(1) Two TAJUjam, eurronta aUmet or repel one another 

aeeordtng at flow m tts same or m oggoede^ 
dureeiunu 

( 2 ) Two HOir-PABALUB& oHiTSiife ttttraet one another ^ 

leth t^proaik or loth recede from fits povni ^ 
meeting fftsir deredtiona, emte iheg repA one 
anoSher ^ one e^pproaehee and the mer reeedea 
from f%af jpoinf 

These lam are illustrated in Fig 848, irhicih tlw 
Btadent shoold oaaefuUy study In the lover ng^hand 



Sipdiiga. JUtnwttai Bqnhioii Attnebon AttnaliDD 



Fig 848 


figure the reriseal enrrent attracts the porttoa -4 if of the 

IwanHitBl one and repels the portion lEB, but smoe iUf is 
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loxzgar than MB there 20 , on the whole, attraction, if if 
were the middle point of AB the total force would be nil 

The eacpenmeata whereby Amptre^s la^is are estabhshed merely 
consist in having two oirenitn, one lived and tiie o^er movabl^ 
plaomg them in vanons relativo positions, and passing onnents in 
sundry directions One form is indicated on Ine left of Eig , 
the movable ooil is bent in the form of two reotangles in such a 
way that the ourrent flows through them m opposite ^reotions 
(thus nullifying the elTeot of the earth on the appaiatos) and the 
ooil 18 snspondea from the meronxy oups (7, C7, on l^gingthe second 
ourrent-carrying oirouit into vanons positions tlie laws may be ven- 
fied. The truth of the first law is alao evident from the dntnbn 
tion of the lines of force shown in Figs 294 and 295 


A/R 


d 


183. Force between two infinitely long Parallel 
Condnotors and between two Coaaaal Chnls.— Let I 
and L be the currents in the two conductors 
if and ]Sf (Rg. 849) The field at any point 
in jyduetoihe current in if is equal to 2J/d, 
where d is the distance between the conduc* 
tors and the diiection of the field is at n^t 
angles to i^e plane of the conductors The 
force per vmt lengOi eizerted on JT in this 
uniform fidd of intensity fiJ/d is (Ait 170) 
given by the product of mo current the field, 
and the length consideredi hence 

2iL 


N 


Force per unit length = 


(I) 


Fig 849 Sunilaxly for the force on if due to the 
current in and by applying the hand rules 
pioviously given it w^ be found that the force is one of 
attraction if currents are in &e same direction and one 
of repulsion if they are in opponte directions 
Consider now two equal coaxial coils, A and F, at dis- 
%tance d apart, carrying cunents I and I, The force on 
unit leugto of JJ due to A is 2njd and the total force on 
£ IS the product of this and the cucumferance , thus, if r 
be the radius. 

Force = ^ x 2irr (2) 
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N«xiikbit(irig 8»)heaamaJlooilof»diiisr,«^letrbotte 
nidiiu of A TM M m tho fidd At tiiQ noAr nd6 cd B diM to A^ 
Lfit the eqnEvaloiit nugnebo shell for B have an 
Bmoimtof m^pMtum m per luutaTeA aada tlndc- 
neasds* theo 

VhtoeontiieiiflarBideo£i?s=fimn|*^ (a) 

JTT 

I^eildatthebr Bideof B » Jr--^dw 
*. Faroe on the &r side of B 

Henoe 

Besnltaixt fbm on F s (a) - (fr) ^ 


‘I'*. 

«• -1 b 


W Fig 860 

Nmr iiufo 18 tile moment per nmt ana or tiie aOvapA of tiie equi- 
valent aheU and u tiienfore equal to the enmnt Jita B Again, 
timfieUA^at^dneto A ia(Art 107) given Iqr 

Bw*7 a _ 6ei*7g 

(f* + *»)l’ ^ (I* + a?)i’ 

te. Fane ooB -- ^'***\*^f « - . . (g) 

(t»+ai*)S (t»+<P)* 

IhisisseroifdB 0 and immenoally greatest if d » r/SL 
Againg if d be great oommnd r, so that H m the de- 
nommator may he negleotedi (9) heoomeB 

Fhroeon jB 









Art 85 it 18 shown that the force between two small ** end 
on” mameta is SlTATi/d* , m the case of two e^mlent onnent 
QiranitB AT » vr*J and AT b> and the expression for tiie 
loieeheooma6sVV]i*ir|/d*i thiBuidentiedwxA(4)aho\e 

In all the casea oonaidered the force is proportioiial to 
the product rf the current afrai^gffta. Measaring instm- 
menta depending on the mntaal action between onrrenta 
aiehnownaa destroignaimometeri 


18dt. giemaM* Blecto^dyiiamometer.--/^^ instni* 

mentrFig 85^ condateof tmooihpOne<dwhieh*^BCJDg 

IB fixed, the other, FQHL, being moTable and suspended 
l^nieaimof a a&k thread with ita plane perpendicolar to 
that of the other The spiral 8 baa one ena attached to 
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the moyable ooii and the other to the torsion head T, the 
latto cmies a pointer P, which moves over a graduated 
^le M, if ra meromy cups arranged one above the 
other, into which the lower enu of the moving coil dip, 
ana through the medium of the upper cup the two oous 
are put in senes. A pomter Py is also attached to the 
mov^le coil, its lange of deflection being limited by the 
two stops h, h The instrument is set up so that thej^e 



Fig 86t 


of the moving coil is pemndioular to the mendian, m 
whii^ positum the ear& wiu have no iendeniy iodeflectit 
a current passes, the mutual attraobons and re- 
pulsions tend to set the moving coil mraliel to the &ed 
one^ and the torsion head and pomterP are turned m the 
opposite direction to the defie^on until the pointerP, is 

S at ssero If I be the current and S the angle through 
P 18 turned, 


Couple between the cods oc 
Couple due to torsion oc 
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Bad niu» then InJnnce eabh 

Poc $, i« Ik'/S, 

1 5B jsv^, 

m vhvAi £! is a cousbatt irbiiidi vam ba dietonaxned by 
pBBsiagaioumcimeabaadxuitmglmet^^ B 

SsracBUffi {he ennmt inU aot altar fSifi dueoboa o£ 

diBketam,nH;ib\riIll)Bi6rret8Qdmloft oods, tbenutEa* 

akMibcaa,iiianfin«,bexuedfQiraltBnuybiiga>\rtU aa for 
datasb canasbu 


18B, Wabac’s Sjeotrodynamometer.— In tias suira- 
iBantaBnudLcfliliaeonneabMiiLBenBatniilia fixed 
eod aad eatpended at the cadare ol ^ lattar "hj maane at 
a bifilu saapensun Hhe coixent ii led to and {ram the 
snudl cal l^ meanB ot the eospennon When no onnent 
fiantheaxuof^ anaU coilu in the mandian aad at 
nghtsmlutotiieasiBotflmlaigBooil Wha&aenzzent 
wva the s ma l l cod tends to set itself couaaOy 'with, the 
ktgo a^^B tendenqr » opposed by the achon ot 
toe eura (u w msmng oal'hu its north {see noath* 
wi^) and foe hifllar suspennon, small ood fimdh 
teung np a position in whuh the opposing coni^ 
twance. Tto cods am bamm&y aimmed alter the 
BMiior of the HdImhdItB galranometer as shoim in Eig 

huge fixed ood. I iJie 
cnne^ .d fee face yaa of the small movaldB cod (total 

BA », a. 

B»adeflecting ca^le u fliu qob d, (compam Ait IW. 
-^xoa=(Jri»xobco8o sOPicose. Sinoe 


ns. 
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Fig 862 > 


HA.aiitBTio SFFBtnB ov otmiusins 
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QPA 008 — AJS sin bqi d|i 

GPA 

. /I _ QPA _ "X“ 


«\ fsaO^ss 


rrinfr 

1+-^ 


_ GH*A PEQA' 

““TE 5^ * • 

Not reratse the oanent and let A, be the deflee^oa 
The defleobne ooa^ and the oonttoUiiig ooi^ doe to 
the bifilar oet ae before, bat the ooaple doe to the 
ourthTillbereTOned; hence 

QI*A 008 0a 3£— AIS sin 0, + N sin 0,, 

^CtPA _^PB&A* 

IS taao^s.^-) (2) 

Addmg (1) and (2) — 

^ 01 + tan 0,), 


passing and xemamg a hnown ooirent i can be 
detennined 



Fig 3i8 

186. Xbe JMTia Onrtent Balaaoear-The 


them ^ete an four fixed cods, P, Q, JL fi. nlaoed b<^ 

mLwe Ls. 


the latter bu£| 
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fine copper wires, wlucli also serve to lead the ooment to 
and &om tlie movable coils With current passmg as 
in&cated it is clear that the beam will tilt npwaids on the 
right, the left-hand side fallmg A honzontid scale is 
fived to the beam, and by means of a suitable shding 
weight, which can be moved along the scale I7' means or 
cor^ and a corresponding counterpoise placed m the 
trough T on the right, the beam can be Iqrought to its 
TTiifinl position and the current calculated from the position 
of the sli^g weight and the known constants of the m- 
strument Each sliding weight has its own paiticular 
counterpoise, tlie latter bemg so constructed that it keera 
the beam horizontal when no current is passing and the 
ali/ling weight IB at zero on the scale Clearly, if the shd- 
ing weight be at distance d from zero when the beam is 
biought into the horizontal, the lestonng couple » pro- 
portional to d , the couple due to the currant is proportional 
toP, hence 

Pad, le I vd, 


Each instrument is fitted with two soales, o feed one of 
divwiM. the readings of which are proporiional to tht ^u rota 
of Ike disCance/rom terv, and a movable fine soole, whioh is nsrf 
great aceurooy is required, nnmW on the fi\cd s^ 
ffie ttrsqusre ri»t of the number comoidmg with it 

fino alms if in a test the pointer is not e\a^ 

below one of the divisions on the fixed scale, the fine soale reading 
mSken if this be 301, then, sinoe ^/3iiI « 17 3S, the true reading 
IS 34 7, and this numbei multiphed by a iiar 
supplied with the instrument gives the ourrent 
ne gen^ appearance of the instrument » shown in 

353a 

'Phare aie many types of these halanee^ all ahke m 
pnnopre.^t ditag slightly in construction according 

to them purpose 

low Ammeters Voltmeters, Bad Wattmeters —Ammeters 

187 Ammeters, V jnstniments for the measurement of 

andvolfaMtersOMOorm^lM™^^^ Kequontly 

onirent elwngft toth. but m essential difleraco is 

SZraSr » A fowlnstanoe instrument, whilst a voltmeter 
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must be of high lesistanoe. Since an ammeter has to measure the 
ourreut it must ^ placed tn Hhe etrcuti through which the current 
paasesi and must of neoessi^ be of low resistance , a voltmeter u 
alwavB ooxmected in mntm with that portion of the circuit for 
which thepoteutiai difference is required, and its resiatonoe must^ 
therefore, to large 

To inorease the range and enable lai^ ourrents to be meaeuxed 
ammeters are often provided with Bpec^ sAtmfs , thna an ammeter 

Xl. . I HMMAWA WtltW ItA 
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in 



miwmff paxt of tho ustniioont Tbo oHior end of iho ood li 
tunilsny »tt«died to a leQaod luor qpnofi fis ^ towar 
partofmfigon Thesa 

ipn&p 8X6 ooded loop** » 

ponto diiwito»8, tw * 

iMd the Qumoit to and 
from the ooil, and for* 
mall the oontrollmg 
eempto whudh baUmeei 
toe defbotuig ocmple 
Rhea a eoRent poaw 
The pmusple ol eotoia 
n toated UieB'Azaoimil 
gBl\oiioai 0 ter The m- 
itnimente exedead beatk 
damping bemg dne to 
mdnoM onrrenta m toe 
elamamm fteme 
Wattmetera mdieate 
toe rate m vatta at 
Rfooh energy u bemg 
iitdiaed ID aiqr pert o! a 
eoeut^i e toeymeaaiite 
toa**power** toameai^ 

VhttmeierfFig 8G0) u ideoboal m pnnttpb aito Siemeiu* ^ 

tcodynamometer (Axt 184) 

A 8l ^vu^ngeodufFig 386) 
u cd loir cemataiiofly and la 
inaerted in toe main oironib; 
toe mutaaee fored Qod 

Fib imedaaatoimt to toat 
part of toe ommit for vbioh 
toe poirar eonanmption la 
requred (a lamp Ip m 
The planes of toeie ooil 
at an^ "" 

toe oitQiiit the 
/paaaea totooi 
ofl^andaama 
porUonal to toe voltiigB £at 
toe lamp temunalB paaaea 
toroei^ F. The tnmmg 
moment u prepmtianal to 
toeprodnetot toeaemmenta, 
le pcoportuma) to £/ortoe 
a atta expended in L \^ea 
toe mmaUe oml u hroi^t 
L. * to Its normal pontioa 

to tormog the toranm head and its pomter toroo^ an an^eir« 

M ARD r 32 



ate 

Oneloamg 
maxn earrent 
h toe moving 
enrrentpio* 
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say, the tnmmglnoment is b^noed by the torsionBl moment^ which 
IS TOoporticmal to Hence 

jETflc 2>®, 

t € Watts ej^endedin £ « EDf 

where JET is the oonstont of Ihe instramenl^ which nrast be detei^ 
mined e^nmentally. (See Techmeid ^ec^ei(y, Chapter XXm ) 


188. The Ballistic Galiraaioiueiier: ISoviiig Slagnet 
S^e.— A ballistic galTanometer is an ordinaiy reflecting 
galvanometer wifli a moving system of large moment of 
inertia It is usedfor measnnngthe j^anft^of electnmly 
passed through it not as a oontmuous currant but as a 
sudden discharge, and the moviag mtem has a large 
moment of inerha, so that it may be slow m beginning to 
move under the impulse of ihe sudden disohazge, and will 
therefore not have moved appiemably from its position of 
rest during the tune the discbaige tabes to pass through 
the galvanometer. Further, in tii^ instruments dmnping 
must be as gwinll as possible, and for what exists a correc- 
tion must be made (Art 190) 

Let & denote the constant of the galvanometer coil, 
JET the mtensxfey of the control fidd, K the moment of 
inertia of the need^ and JIf its magnetic moment if the 
current at any instant dunng the Waige hw the value 
L then IG is the strength of the defl^g flel^ and, if 
the needle is supposed to be appreciably arfecM from 
its position of rest durmg the dltoaige, IfiUf is the mo- 
ment of the couple tending to deflect the needle 

The acceleration due to this couple is — ^ and, 


therefore,aurmg the very 6horttime,«f.forTrb^ 

has ihe T»liie J, the gam of angular vehxatj is « 
Dunng the whole discharge, therefore, the an^kr velo- 
dfy imparied to the needle » given bj S the 
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where QAenotee lihe total qiiaati^ of deetnaity fliHohaT BBd 
thtongh the galraiunueter Heooe «, fha mial anguar 
fdocoty of the aee^ is giTea "bj 

._afGfQ 

T~ 

or K» = JfffQ (1) 

The huuhio eosigy of the needle u green hy ^Kt^, and 
this most to equal to the work done anmat the couple due 
to Ihe conixol Add H doling Hie dratosbon tiirow of the 
needle Let a to the angnlar deflection of the needle 

Then = ILB'Cl - cos a) 

or Zu*=:42CErBin*-l . (2) 

for MS n — COB u the work done in defleotang the 
amall needle thtongh the an^ a in the field E 
Now if t denote the tone of the Bwmg of the needle 

andlheiefore (8) 

Combining the idatuma (8) and (8) we get 

or Nuss^^nn^. 

*■ 2 

Subafatuting the mine of K» giTon by (1) m thia, we 
get 

Thoa the qnanbly of eleotrioity diadhaiged Hnoogh the 
galTBiiflmeter la ptoportuma] to the of half Hia aw gif 
of the firat awing of the needle IfHiedefieetionofuia 
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spot of liglit oa £he scale be d, and D be tiie distaace beinreen 
the minor aad scale, (Z/4D maj be used for sm ^ and 



d 

57)* 


189. Xhe Ballishc Galvanometer : Uovxng Coil 
T^pe — ^If I be the length of the vertical side of the coil 
(Fig 338), H the field in which it hangs, and I the cui- 
rent at any mstant, the force on each vertical side is ISl 
(Alt 170} and lEOi is the defiectmg couple, where b is 
the breadth of the coil, but lb is we area A of the 
coil, so that the defieoting couple is ISA This takes the 
place of IQM in the pieceding investigation, and proceed- 
ing as before we obtain in place of (1) the expression 

Kw = HAQ ( 4 ) 

As in the previous case, the kinetic energy is JAV , but 
in this case the coil is brought to rest by doing work in 
twistmg the suspension 

If c be the couple due to unit twist, co is the couple due 
totwista, the worl done for an extra twist da is e a da 

end the toted work for a twist a is | e a da, te ^ea*, 


hence 


. But from (4) 


iKa’=iea*, 



JEPA~^ _ ea* 


(«) 


( 6 ) 
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Agam , «ift iime i of a tomonal vibiiaibfla is 
, mdiBbtfatnigin(6), 


49i*ir 

le c=-p- 


or K s 


Q-. 


0= ** 


SirJBrA 


Ib this OMB tbs qtumbly u tiiareEoie proporhona] to the 
fintangailar Bmagaandnottotiisaiiisof oalf the angle, 
as m the pisnom ease FurtheriinfluBflaseJETisthe&ld 
to Trhieh the deflertuma are due and it appears in the de- 
nominator ; in the previona case JET u the oontrolhng field 
and it appears in ^ numerator. 


100 . OoneoldoB ftor Damping in Ballistio Gelvano* 
metoEBr— IE great accono; is not leqnued ire can pro- 
ceed as EoUoira Let Oj he the first smng and ffg the next 
swing of the needle in the same direohon. Then tte dif- 
ference, — O], is dne to the dampu^ duni^ fmer such 


snooeBBire swings and Iherefore ^ is appioximatelj 

the correction for damping dnimg Ihn first swing. Hence 
the collected laloe of the fiist swing is 


«=«,+i;Lrii. 

A more Boonnle treatment u as foUaira,.--!! a| . • be boo* 

C08UT8 sainga to and it u found that 

ssa ooratant « I 

•a ^ 

Thteconitantl iscalSediheAaoraneBtpandlogcjliB called the 
logaritiiBuodeorttmeat and J8 denoted thiu log^ ss 7, i e 

I s f hence 

SLssJb a Sim eY 

*a ®i «4 

Koir ilio deereaee bom oi to O] takes place in half a complete 
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wbratMinind «,/o, » tf aewly far a whole vibration «,/«, = ^ 
and 80 on Thus if a be the observed first bwuib end what it 
wo^ have been if damping had been absent^ then, os the nenod in 
question is a quarter vibtafion, ™, •» wb penou m 


tt* •? * *y 

terttiB in 7" and lug^r powers 
o 1 +-2 sinoe 7 IS always small, 

• ais=o^l+^j 

!rhtiB to oorreot for damping the observed swing a must bo mnltx- 
plied by the faotor , tiie final expressions for the two 

types of galvanometers ore therefbre 


Sseroises SOI. 

Section S. 

(1) Determine the resistanoe of a shunt wbioh when joined to a 
galvanometer of resistanoe 8^083 ohms will result in ^ m the total 
ooEtent passing ^trough the galvanometer Determine also (a) the 
joint resiBtanoe of the galvanometer and shunt g {^) the extmnal 
resistanoe which must be added when the shunt is applied, so that 
the total onmnt may be unaltered 

(2) The resistenoe of a abnnted galvanometer la 75 ohms, that of 
the shunt being 100 A certain defleotion of the galvanometer is 
Stained when the resistanoe in the zest of the oizeuit is 3,000 ohms 
ITuid what additional rematanoe must be inserted that the golvano 
meter defleotion remain the same when the shunt is removed 
What IS the mnl^p^g power of the ahnntT 

(g) A oiromt contains a hatteiy of 1 ohm resiatanoo^ a Teflootmg 
galvanoffleter of 4 itosj and other oonduotors of 2 ohms resistum 
^e galvanometer defl^on u 100 divisums What will the oe 
fieotion ho (if defleotion is proportional to eurrent) when mo 
galvanometer is shunted with a 4 ohm ooil 7 What is the multiply* 
mg power of this shunt f 

(4) A gahonometer of 4 ohms resistanoe u in a oiromt whore the 
total resistanoe is 80 ohms Tbagoltanoineter is then shunted with 
a 4 ohm ooih Find the ratio oF the oumsnb m the gahonometer 
hJost and after it u Bhantedl 




CHAPTER Xm. 


EEAXma SFFBOTS OP CUBSENTS 

ISl. 'Xhe Xowi of XenUi^ BfBBots of OnzxentBi 
CbiBiUMtioallgr^ThB unit qf u 13 m oalotie, iIbBtiwI 
S8 Ua giumMy tfheatre^rei io raw i&e iraiperotitre qf 
<iM qromtiw qf pure imter fnm 9|° 0. to 10|° bat fat 
piwAualpiirposeBitmaj w aa fho heat regwrad fo 
niua A« wveraiNre ^ one gramme qf imre vder om 
iegna Omt^raSo Eaat is a Coim oC energy, and the 
meoluBiioal eq^nivalie&t o£ beat (J) nay be floBwofl, m 
thu OQQGmeotuni, aa the ntnaber qf wnit qf enaray vPueh t$ 
tqutX to <m eal^‘, eraecimBiit baa oxotm it to be 
42xlO'etgB, tima 

1 caldtie s: (42 X 10*) eigs =s 42 joides, 

1 joole =£ 24 oalone 

It un QEdnr to haxe the atetament 1 Betoone s (42x 10*) em 
end (Btmiaiid’i work on /) tiuttha oelone u defined ehove for e 
foniqmtnnnngBof ^*0 tol0|*0 

IVe bare Been tint ’whsnsret a pote&tuil diffeience 
' enata betnraea tiro pomta n a ououit an eoorgy inau^ 
/orinafunoiwinbBbireeailihiB^ In the ease tiE a battoty 
tto pcdea of ubieb axe jouied lar an oxdiitaiy condacfcor, 
of tin eneigy Bappbad hj the tonner la tnna- 
fon^ kto heat no^ in the battety and partiy m the 
ccmanotor. Shonia the ectemal eizimt eontam a Tolta- 
mete w motor (and ihetaforet aa ire shall see later, a 
iwk EIIP) a oertain amoont of the energy is ntiliaedin 
wmeal or meduoueal trorh, the balance agam anpeoxinff, 
boireTer, as beat in the cttenib The tranafonuation of 
eloofanoal energy into heat aliraya tabes plam irbea a 
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cuneut flows m a conductor, the laws rdating to the 
derebpmexLt maj now be estabbshed with exactness as 
follows — 


Consider a ourrentroanTiDg wire , let S denote the P D and 1 
the ourcent, both in eleotromagnetio units, and let t denote the 
time m seconds dating whioh the ouirent flows , then (Art 1S3)^ 
E = eneigy (in ergs) appearing as heat when niut eleotromag 
netio oorrent flows for one second 

El = energy (in ergs) impeanng as heat when I eieotromag- 
netio units flow tor one secondT 

And Eli = energy (in ergs) appearing as heat when / eleotro 
magnetic units flowxor i seconds 
Now the mechanical eqmvalent of beat is (4 2 1(P) ergs per 

oalone , henoe i£ J? be the heat in oalones in the ease above, 
(4 2 X ergs will rej^ent the total energy appearing as heat 
in the oondootor Oleany, then, 

(42xlO')H = ^/, 24™ 


Henoe, when a oorrent of / e m amts flows for i seconds between 
two points of a ixnidnoto where the F D is e m units, the beat 
]^oduoed IS given the expressionB-" 


Heat in oalones s= 






Heat aa ergs s JBIt 


rst » 


t oeing me jwisHinno oi i/ao uuuuuuwJ mem units n 

H the P Dl be volts and the oorrent / amperes, then, smoe^ 
Tdlts are equal to (E x lO®) eleotr^agnotio ^ 

are equal to (/x A) deotcomagnetio nmte, Ihe first expressioa 
above Deoomes 

p._ n^.g X 1(P X I X A Xjt ^ 2iEIi 

^ “ w 

Henoe. when e ouirent of / 

two points of a conduotor where the P D is volte, th p 
^nnpH, in oalones, is given by the ei^ressions— 

HeBtuiaalotiee» 24JBJ»= a42’B«'= 

B bemg the resistonoe of theoendBoto m oJ^ 

jOTle iB^nal to -24 oalone, the heat produoed in joules is gi oy 

the expressions— ^ 

Heat in joules = Bit “ I ® ]g“ 
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Abj of 13 i 8 aboTB may be takea aa the mathematical 
atstemeat of Joule's lav rdatma to the heatup ei^ts of 
a eurxent, itu oustonaty to tium the seooudv vbich em- 
bodies ihe fiEurts that — 

(1) The heat produced u proporboiial to tdm square of 


The heat produced u pxoporbonal to the xesutance 
^ !lSie heat produced is pioporlmnal to Ihe tune the 
eoixeiitfiovB 


198 The £atni of Heating SfEhets of ChixEenta : 
HEpeiiment83]yr-*T3ie laws mFen m the preoeduig seo- 
tmnumjbeTerifi^expermijBnm^ — 

Sap 1. To usnfy thxA As heat iswlHoed w engsorfM^ to As 
sSBors of As c«rrefit»Axxsi|gs Bfpmtos as uurini m Kg ZSlt 
iriuoe jff u a hattn of ahcmb 8 Yalta Jf a 
YuiillezsiiitBiioe, v an ainmvterorgiiuYuio- 
neter of known ndnotioa fiutor, and O a 
eahmmstei; The latter (Kg 887a) li a oop* 
per pot oontoifimg water, m wbuh is im- 
meiim a smial of Qannan advor wire^ the 
soda of whira ate atteiCied to two stoat copper 
Isoda, a, 6 ; thxoi^ the stopper poaa a 
Btaner g and a thenaoiiieter % gtaduatod, 

BOY, in fifths or tenths of a dtgcM The 
calorimeter (7 shoidd be hmu bj thnads inside 
a larger copper pofe^ and fba inner snrfiMe of 




Kg 887. Kg 857a 

the latter and the onter surface of 0 ahohldbe smooth and polished 
(Zh Fig 0 n drawn os if transparentb to show the inside } 

Soto the temperatme of the wa w, and then pass a enrrent J| 
for, say, S mhmtes, stitnng the water and Ijeepmg the ounent 
eonstent ; note the me in tempera t ure of the water, 9^ Sow 

eoA the water down to appnramatelly the mme tempemtoxe as it 
had at the beginning, and repeat the experiment with a difihrent 
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ourrent^ I 3 , flowing for fl minutes , note the rise in UmpomtUFo, 
Since tlio mass of water and other conditions are conatont, the rise 
in tomperatnro is proportional to the heat prodnoed. and it will be 
found that 




I e tho heat » proportional to the square of the ourrent 


Exp. 2 To tertfy that the heat produced by a current m propor^ 
tional to the mutanee '—Arrange two Joule's calonmetcrs, A and J?, 
and a battoxy in senes Tho oaloriraotors must bo exactly obhoi 
and contain equal quantities of wator, but tho heating spinus must 
bo of difToront Iczmths, so that tho resistance of tho roixtil in A uf| 
say, if| ohms, ana that in J7, sayi ohms Foss the current for 
5 minutes, gently stimng tho water in each calonmeter Note tho 
nso in ton^mturo of A (0|”} and of B (9/) Tho same onrrent has 
passed for the samo tinio through both, and it will bo found that 

A = 

1 e tho heat produced is proportional to the resistanco 
Anoxtonsion of Exp 1 onablos tho \a1uo of J to bo determined 
expcrimcntall} 


Ezp 3 To determine the JHeehamcai JSqumlent td Nea/ — 
Amngc as m Exp 1» placing a known moss (Jf grm ) of ™er in 
tho calonmotor , tho ourront must be kept constant througiiont im 
expenmonL If / bo the onrrent mom units, B the resis tance 01 
tho ooil mom units, and ( tho bmo in seconds tho ounent passes, 

J^Bt 

Heat in ergs » Heat in calorics « 

where J is tho meohamoal equi%aloDt (orffl per oalone) 

Again, if w'bo the water eqmtalcnt of the calonmeter, Heater, 
stirrer, and tiiormomoter, and ^tho nso in temperature— 

Heat in calones » (df + io)0, 

Mnny pteoautioM ond ooncotions (radution, oto ) aro necossaiy 
for an accurate detennination 


193, Bise in Temperatnro of a W»o 

a Current -Joule's law refers to the hed 

rodi^d if a conductoT, and though 

ttre certainly depends on the amount of heat derelopea, 
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m 


mmdiy otber {acton eorarfc aa mfloenoe It » obvious 
that won eq^ amounts of heat communicated to tvo 
urns, A. and B, of toe aame material, toe former hemg 
dioit and torn, toe lattsr loim and tomb, toe rue m 
temperatoiB of A vroidd be gieatm than that of S, auice 
toe quantily of matter to be taiaed m temperature n 
amallei m A toan m B. Agsm, each vnxe vrovdd be 
loamg beat by tadiobon ftm its surface, experiment 
toovB that, other things bemg toe same, toe greater the 
Burbce area the graater u torn loss, and, furtoer, the 
radiation u afEeotra toe nature of toe anrronndmB gaa 
and its pieasuie, and by the oiharacter of toe aurface^ bl^ 
boduB, for example, mutting radiation more £re^ than 
irhite or tianapai:^ ones Yet another factor, the 
capacity for heat of toe material (» s the heat requited to 
taiseito tempetoture ^ nmty), exerta on influence, toua, 
if toe aame ontrent Sam through equal pieoea of plati- 
num and copper toe heat developed m toe nuiuer u about 
seven times mat m the latter, wnna toe speoifio resistance 
of platuium u about seven times t^t of oo^er (annealed 
mboto eases), but the iemperatate devotion dt the 
platinum is mors than seven fammi that of the other, for 
Its capacity for heat u only about three-fifths that of an 
equal vdinme of copper 


Oonsidsr noir a mra whicli a onnent is flomng The 

l^onbon of liMt u oaoaiDpomed W a rise m tempentue nnfai 
fmuy a (teody eonditiim u leaidied vlim Oe hntMaetueoad 
(atTfodiBtiini, eoadiution, and amuetim) li eoiialto f&e heat 
gamtdptrMtemd By Nmrton’b Law of Oo61iii& if 3”0 be fbo 

ue^ahoa of tampaEktm of the mre above the enolosn^ the heat 
loatmaeo^ » jKoporbonal to T*» and experiment pcorea it to be 
proportiQii^alwtotheeiulaQaaieaQf the ^rue If onu be the 
pum^oftiwvireiteQuoiimfmiaeuetfom.atidifZom beita 
length ita entfiice ateo u xdl eq em 


Heat loet per aeoaod id edf 
« » II « avdIT* oaloneBi 


elm a denotes the ‘^emuaTit^”* of the end mav 

ndiated in one aeoondfa^mt 
d‘B«renoo botireea Cho body and tbs 
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Agfiiziy if / bo tho current in ampores ond It tho rosifitanoo of ibo 
iiiro in ohms. 

Heat gained per aecond 0 oalonea 

Hence— 

ardlT^ 24/>i?, 

'iriioro 8 is the spcoino resistance of tho material , 

.* !P= . ■ (I) 

Thus— 

(I) With a giTon current the deration o£ temperatnxe 
does not depend on tlio length of the wire 
(S) For the same current the elevation of tempeiaturo 
IB directlj proportional to the specific xesistanoe and in- 
versely pioportional to the cuhe of the diameter (hence 
the high tonperature of vexy thin wixes) 

(3) The elevation of temperature is proportional to the 
square of the current sbengtii 


194. Wherever Work is done in the External Cii> 
cnit other than the Generation of Beat a Baidc 
E.M.r, is developecL — ^Let j^betheEMF of a 
batteiy, B the total resistance (external and intemal)> and 
J the current in the mremt 3y the action of the tottexy 
a quanbiy of deotneity J is, m one second, raised in 
potenbal to tho extent E, and thmofore the work giw 
out by the battery per second is El, the hatteiy snpphes 
this energy per second at the expense of the chemical 
energy of the materials consumed in it 
How the eneigy appearing per second as heat in tlm 
cixcuit isi^E, and if w represents the energy per sMond 
devoted to dher work (say chemical or mechanical) we 


evidently have 


Ejr = J*B + fs, 


, S=IB+-^ 

But JB I the product of the cunent in tho circuit and 
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(ihe xensbuaoe at the emoit, is, liy Ohm's Loir, the ^^ee- 
fivaEM? mthe onomt, denoting this JB'— 

JB=:JEr+^ 


te JB' = E-^ =E-e 

Tims in 08868 wliete there is irark other then the genenir 
tvm o£ heat^ the effectiTe or resultant E MF. is less 
than the aotnal E ITF. fE) by an amount 0, where 
e :s 10/T, in other words, ilbme u a hacL E M F , e, and 
the aotnal eoneut is given by tiie ezpressiQn 


IE 10 is aero, then E = IB, 1 8 I =: E/B 
A mm, Bince 0 =s 10/J, w = eT, hrace we Lave the 
resnui tbit ihe power expendei m additional work (le 
otter ttoa tte generaiioa of TietA, e g chemical dfecomjio- 
eihon) 18 givea ^ tte jpicdi^ qf tte lack EJf F. and the 
eurreni efareayf h 

Exampls A oogper edpfuUo tat hoe a reoMfoiiee qf Oli ohm 
andapoianmtum E M F ^ 3 eoS The Mai earreai requwtd u 
1,000 ampem Fad the torn watte eqppZied to the tat 

Watts spent m heat in the TBt = TV =s (1000* x 014) 

Watts expended in ehemioal work n «/ « ( 3 x 1000) 

•*. Total watts supplied to the vat - (1000*x 014]+(3xl000) 

ss 14800 watts 


In dealing with the oonsenration of energy m a omnnt 
there are thus three essentud pomts to take into 
These are — ( 1 ) the work d^ in the baitexy, ( 2 ) the 
work done (if eny) m Hie external onoait, and ( 8 ; the 
energy of the cunent Of these Hie fiist^Hie »hiwnn^ i 
work done in the battery— is the source of energy in the 
Gitcmt and gives iise to the other two, whudi are, there- 
fne, together equivalent to it The (Aenucal woik done 
in the battery per second is really the mecbanu^ equiva- 
lent of the heat whndi would be generated liy ihe total 
Hieimcal action going on in Hie battery in Hiat ^itha^ and 
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IS equal to , of this a portion el as spent per second 
work, wlnfo the lemainder JBI — eTs 
i(ir — c) s= I IB = PB IB spent in maintaining the 
cumnt i in the circuit, and appears as heat per second 
m the ciicmt Thus all the energy of ike current is dis- 
Bipatod os heat in tlie circuit, though aU (he ioorh done 
jn (he hMc\y may not be spent in producing cunent 
Clearly if, say, the chemical work to be done m a volta- 
meter 18 equal to or greater than that which can bo done 
in the battery, then no current will flow This explains 
why a Single Danieirs cell cannot decompose water the 
energy nccessaiy to decompose water mto oxygon and 
hydrogen is greater than uiat supplied by &e ehenucol 
action going on in DonioII, or, in other words, the back 
E M F due to polansation in the voltameter is greater 
than the E M F of a singlo Darnell 


195. Xheoremst — Some important theorems follow 
direct from the matter of the preceding aection •— 

(1) For any given value of addxixonal mrh (to par meui) 
(here are Uao current uaZuee 
With the previous notation we have 


} e 


El = PB + to, 
PjB — FI 4- to = 0, 


J = 



F* ^ to 

W F" 


This expresees the two values of J corresponding to any 
one value of to 

(2) There ts a maximunt rate of additional worl to, and 
this %s equal to one quarter the late at which energy would 
be given out if no additional worl were done 
Tlie expression for I may be put m the form 
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ITow if w exceeds the expiession imder the zoot 
sign hecomes negatiTe, hence Ac gnaiett value which w 

TBA 

eon have Bot^^is the rate at irhieh eneigy 

ironld be given onfcif so addihonal vrork irate done^ all 
liw energy being disnpated as heat, irbioh pnrrae the 
Iheoram 

It sbonld be noted that when w has this maxunnm value 

s 

I =: J 1 e Ac current te hdf Ac current that would 

llaw if no additional worh were 
done I ^ 

"Sojaa—Bj taking a nmnen- 
cal example andironragonttiie 
espteaaion for I with vaiying 
vunea of w the above may be 




laa abacuBae 

ja 

When wsO, I = 0oir^ 


Kg 8 BS 


(= OA) , whoi w = OS, I =s SF or SO , when w = 
i^(^Oa),I=i^(=OB^OS=iOA) 

196. Sattesy Bffinenoy.r-The effimeiu^ of a baitoiy 
28 defined as tie rako qf lie power in &e exhmai eirand to 
fftfl toM power deodoped If fhe external dnnut does not 


fbe external dnnut does not 
iTing additioxiiil yroA (eg a 
> power outside appeals as 
al and JB the external xesis- 


EffiOTUTT- . ^ ^ 

P{B + r) B + r BITS® 

This is nearer unity (100 per cent) the amaller the value 
of r 

IE the battery has to do useful work — aaj ahianinnl de> 

u Ann E. 88 
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HrATi?##j oi rrf*rr*^T« 


roimwiitiftn— a} tl^ fy^r»n n*f^r« raito 
of ihr ;*Wfr fp»tit v\ iht* vfrful iror/ /«» Oe Mai ;*oirfr, 
lifnci' if J? l>»! lb(* Mill rr»*iM #• h jrL K P.» 




m 


V.l 



/* 



p 

1 1‘ KfliciPncF = f. a 

h 

jrnnw'— 

(1) Ilirt pflifrrnrr })ocnmM a rnaximiim (le unih or 
10i> p»rri»iit \ lli(* current / !>ec/imf*s 7ero, of couire 
in IhiH 1 (In* nvrtfu] n^ork in nil 

(2) Th'' n mmimtitn, I f taro Tvlicn 

wy 

Jss jL.tc whi'n r i*? roro, ihi> upfful work ii nRim ml 

JJ 

(!t) UVro II Mftnn.nm potc^r (w) vlicu/= 5^(Art 

19R, TliPomm 2) , ejirirncy tV iltn 1/2 or SO per cenl 
nnci tbo l>ick Ji J\ r =r ^17, 


107. CalcnlAtiott of S from Titormo-Cltoxmcol 
Data ~In n volloic cell tho cliomiral mcf ion«« nro csfch* 
Itftlh of nil <jv>/A<rmir nature, tint i<*, tlipj nreaacli as to 
prorfuco iimler onlinan cireiiniHtAuce<t nn evolufaon of 
onoi^j in the form of heat In a voltaic cell thw encijgf 
IS nofo^olreA ns heat, hut iho clectncil energy oiolved w 
the e^nimlent of this hoit caergr In a voltnmoler tho 
chomicil reactions nro of an endothermic naturCi thirt 
thor are us«nn^\ ncconipaiiied by nn absolution of neat 
cnergv, and tho presence of a voltameter in a circuifc tiierfr 
fore xiieanB the absorption of an amount of electrical 
from tho circuit equivalent to thw heat energy 
thcsoconsidcrnfioiw thoESTS* of a 
tho back E M F in a voltameter can be calculated if toe 
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neoessaF; data axe faiown Li the fdloiniig the figu^ 
are aj^pEoxunate onlf 


Gtaal. ^dhapfaCW-JhfchiaodlTOniay i^^ tlw 

■otion to awBiat m tiie oxiduixig of amo which dimv« 
idiiino aoid, and at the iiiiBe tome bv^Ogen a librajcd ; the atom io 
ircigliti of smo and ox^m nay be taken aa 05 and 10 reapeotiTelyi 
tiiat of hydrogen being 1 Now-— 


Heat cDohed by 00 gm of amo cmahmmg with o^gen « 
80b0OOoaIoEie8 

Heat mtved hj tfaeSIgnn of nzn oxide ombuiiiig with aiu- 
^nnoaoid » ^^OOoaloiieB 

Heat otarbed when 18 gm of water ate deoompoeed » 09^000 


ealonea 


. Ibtal heat evolved for 00 gnn of xmo duadved 

s 86400 -h S8400 - 60000 » 39800 oaloriei, 
I e Total heat evolvri for 1 gm of bud duaalved 
« 898001/06 ss 618 odoEtea 


The eleotcodiemioal egin\aleiift of bdo u 00837 gmt per e zn 
wmfe fmMfttaty ybenoa the energy «\d\ed doting the oanentnptioii ol 
thu amount d amo » 013 x 00337 x 44 x UF ergs Batsf JB 
be the JB M F and Q the quantity of deotnoity mem nnita. the 
work IB JBQ eEge; meqnanbty eomipoadmg ho the ooneomptum 
d '00887 gtm mamou^ hoe evert lem nmt^heiioa 

J6 3s 018 X 00887 X 4 8 X lO* am omti 
xs 9 X 1(F e m mute 
s 9 volt 


Caaa2 qfJD(mc2reGh?f--^tiiia oaae-- 

Heat Malted fay 06 gm of dno oombunng with oxygen sa 
86400 ealonea 

Heatetofeedby the 81 grm of nno oxide oomhning with anl* 
phono axnd » SStOOeatoea 

Heat ofoorM m the Kpamtioa of the eqtuvalsnt 78 gm of 
oopper oxide as 19016 ealonea 

Heat tAeofbed in the aeparation of the equivalent 08 pm of 
copper foom the oxide o 88200 colonei 

,* Totd heat evolved for Igm of ano dissolved 

^85100 + 88400 - 19D4S - 88900 ^ 

Hence 

J9 « 798 X 00387 x x UP e m nmta 
as 1*12 X 10* 6 ffl nnite as l-ig volte. 
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meoC.cal’^uwaleutofT^t^^^^^^ 

E S5 lizJ e m units =s ^olts 

IQS 


find^"hfl *" EletUrolyeta HW^Wo have to 

«r j ^ hydrogen tending to rocombine with oxyeen 

tt Til!!? ^ o^^drogon coxnhmes with 03^00 

tt 34000 =a ft, z for hydrogen « 000104, hence 


e = 34000x 000104 X 42x10^0 01 units 
s 1 49 X 10^ e m units ss 1 49 ^alts 


The preceding caJculatioaB on the E MP ’s of cells ara 
uiTOmplete, for they ignore the fact that the B MP of a 
ceU depends on the temperature, the true formula fre* 
Tersible cells) is 

^ = 7.*7+r^(Art 206), 

where T is the absolute temperature of the cdl 

The “temperature ooefiacient” ^for aDameH’scellis 

6.T 

nearly zero, howeiver, hence it is that the BMP calcu- 
lated m Oase 2 agrees closely with the actual ralue 


198a Glow XAmpSo Gonoval SeuarlcB ^Alhed to 
the Ii^iang offecis of a ouirenii and the consequent nse in 
temperaturo of the conductor as the artificial production of 
light bj electncal means Investigation sliow^ caibon to 
be a suitable conductor , but carbon t» air is leadily burnt 
if heated to the extent necessaij , hence in one ty'pe of 
commercial incandescent lamp carbon in the form of a fine 
filament is heated m a globe from which the air has been 
exhausted 

The e^ctsncp of a lamp is defined as tfts ratio of Eio 
candle-$ower of ike la/mfioikeioatUalsorhed Theavemga 
power consumphon of most of the carbon filament lamps 
m use is about 4 watts pei candle, so that the efiScienoj is 
about 25 candle per watt 
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The nuuxL dxawbaoks to tito carbou filame&t lamp tm its 
krge povei oonsumptum and Hie fact (aasoeiated mth its 
xwgfthTe temramtoie ooeffideut) that it u sensitiTe to 
dumges in mtage, and WBm atinmpta lum been made to 
imptore upon it, asareauftthe XTevnat lamp appeared 
m 1897. the Osmium lauw in 1902. and the Tantalum 
lamp m 1905 as (ximineraarartiales 
In the Nemstlaanp the **^ 0 ver” oonsists of a xod of 
znoonia mixed vxth the oxideB of thonnm. ytfcnum. and 
erbmm, it is an msolator at ordinaij tempemtures. Irat 
becomes a <Kmduotor irben its tempenttne is raised , hence 
the lamp is provided untfa a heatmg airangemsnt vhudh u 
aftenwds automatioallj cut out of mrouit; ti^ lamp 
**vrorkB’’ m aar and abaorba dxmt 1 8 vratts per candle 
^Qie filaments of the osmium bmp imemadteof metallie 
osmium and the poirer consumption uras about 1 6 Ufatta 

£ candle The tantalum lamp has a filament of pure 
nm tantalum vnre and its power consumption is of the 
0 !rder 1 5 to 2 watts per cancUe, Metalho Maiment lamps 
of later mtroduotum have filainentw of tungsten 
and absorb from 1 1 to 1 8 watts per candle « m 
nitrogen thej absorb 5 watt pei candle 

199 The Blsotsu Azo. Gsaeial Bamazhs — If 
two carbon rods m contact end to end form port of a 
mutable oontunioiiB conent ommit^ and if when the 
eanent u flowing the earbons be drawn ii|iart to a du- 
tenee of A or } mob. a faumnoiiB *‘an” will be formed 
between them, the am oonibtnting a onnAw^ ffg 
fmomoorbcntofheoUier Afteratime fhemtQBof 
theoarboin become humnon^ and more ao than the ora; 
in fao^ about 85 per eent of the hi^t is dne to the 
positive oatbon (to the one joined to the pomtiie lead 
or ppmtive of genentor), lOper eent to the native 
oarbODiandflperoent totheaxa The positive mbon 
janimee a eiaterdike form aa indieated in ¥ib 859. the 
tempwatnreot whidi is fimn 3,fl00r to 4.000* C , the 
cno^fhe iimu\e beoomet gradually pomted. moon- 
Mscent matter being earned to it from thepositi^o. and 
lU umpe trtuw u OmA 2^ 0 Tha ^ J^eon- Big 869 
w.traa of tin ponUvs ooriMm u abont tmoa Oat of 

Gton^Unj beaoelbrthofciiiieroBrboniabonttwifloaafliiokaM 

&^mnl ihoaa that m the obm of oontmnaiu onmnt am 
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ft P D of about 44 \oltB is ncccssar}' , tUoy will not act at all with 
B prcsanra bclou 85 \oItSf nnil n frequent allounnce is 50 \oIt8 for 
B 10 Boiporo aro A considcmblo F D is found to exist beta eon the 
posiUio cat bon and a point slightly bolou tlio orator, and in com 
panson a smnU FD oxuts between this point andthonogatiie 
carbon To account for this it has been suggested that the \olati 
lisation of the carbon m the orator rcsidfcs in tlio establishment of a 
baok pressure of 85 to 38 9 volts in a maimer similar to the hook 

S rcBSuro ooiiscquont upon the separation of the ions in olootrolyns, 
le result being, of course^ that tho applied pressure lias to over* 
oome this m addition to tho ohmio reasatauee (of the order ^ to) 
ohm) of tho aro , but altliough it » customaty to speak of the baok 
K M F of tho arOt’* tho nucstion as to whethor that is Uio correot 
CYplonation or not is sLiti unsoltlod, the balonoe of opinion being 
rather to tlio oOcot that it js not 
Tlio P D nocessaty to mamtom an are has been found by Mrs 
Ayrton to bo gt\cn by tiio following relation^ 

JBts -^a + hL + ^^^S^Ivolts, 

whore a, h, aud e are constants, L the length of the are in milh* 
meti^ and I the ournmt m amperes , the values of the oonstants 
wore found to be os follows — 

a » 38*0, b ss 207,({ » n = 105 
Thus tho P D for a 10 ampere are of 5 mm length is 
B= |38B + (207 x 6>+iiIii|5i-25-5j=65fl7vote 

ptem the relation given above it follows that (1) 
in tlio onrrent oauscs a dcorcaso in tho voltage u the ® 

are remains the same, (2) a doorcase in the length m the ore 
oauscs a dooreaso in iho voltage if tho current remains tho same 


causes » UCOIWMia Ml Miw I* — __ g 

In oonBonucnco of the very him tompeEataro the wndia po^w 
an are IS high (of the order of l.OOf), awn “^’2^ ® JS” 
nor oandlo. and lm\ e therefore an eifioienoy of the order I;S5 ^w 
ner witt A more perfect crater is foraicd if a cored 
je one fitted with a core of softer oarhon-ta wed ®* P®'“” j,. 

An alienating eurrmt aie requires ahontl 
and a minimnm E ME of about 30 idts, tie mhore (bo^) 


m «A»f » »a a,,-. • 


* iVi ffi'JlIJllf.'.ftflWt 


inoandofloonoe of mercury vapour in the 
q ii.«g the tube. (Bee Teehwtal JHeelneUy, Ohepter XY ) 
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200 Sot^wmAuinetwaBindValtme^^ ' 
eiTW a dugtaimuatio mm oi the Bot-vin uametcar meda 
^MjeasraJobnafla and PhillipB ThabranplataBcarms 
a (damp i) to vhioli ons and of tha moasoni^ wm IF' of 



Xig 880 

nlatninmail'vwia attaidied Xhe oQiflr end of tBe mteu 
]0iB«d to a pdlu S eonnaetod to tin plate S STear the 
middle of ITaimeP of pliosplior inoneamattadhed, ito 
(diher end bamg fixed to the uundatodjpiIlBrP ISFotto 
fiomtlwiientireof PaisKMKmnlkfihreJeuattatibed, 
paeiminmad ameialmilleiy’fisedcnia pivoted steel ^pradle^ 
and IS finally attanheoL to a fiat steel spnsg 8 She vluds 
u tons suBjeetod to tensioii, sad any elaekening of IT is 
tmmedutdy tslcen up liy 8 , reenZting is a rotatom of t^ 
ptdlw, toe snsdle of wBicdi esixies toe pomter Uounted 
on tne qpmdle is an alninuanBi due A, wlueh, niesn flie 
pomter le ddleeted,mDve8 batveen thepc^ of tiie magnet 
]U',tliTUTendsrn^ toe uutrameni dead neat Oisaamper 
strip m eondueti^ eommosication vnth ^ middle of W 
By means of a fine spring, this str^ is connected to one 
tomnnal f{, the other tenmnsl & Bemg jomed to toe 1™— 

S late B Xhe terminals are luso connected a «hm»* 
I}?! of eonstantm When a oiment flom toe vue TT is 
hmira and expands and toe sae is tofeam i^ toereby 
moring toe pointer over toe sew TheToItmetenuesiimL* 
ar, but ate fitted mto eenes resutaaoes instoad o& shunts 
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Exercises ZIII. 

Section B 

(1) Two oirouita whose icsistonces ore re^eotivelj 1 ohm and 
10 ohms an arranged in parallel Compare the amount of current 
^smg through each of these oircntts with that through the hatteiy 
Compare also the amount heat de\ eloped lu the same time in the 
two oircuits (B S ) 

{2} A wire of rcsistsnoe r oonneots A and Bt two points in a 
oircmt, the resistance of the remainder of which is B If| withonl 
tax other change being mode, A and B arc also connected by (n-1) 
otner wires, the resistonoe of each of nhiob is r, show that the heat 
produced in the n wires wiU be greater or less than that nrodnccd 
originally in the drat wire according as r is greater or less than 
Bjjir (B E ) 

(3) The £ M F of a battery u 18 volts and ita resistance 3 ohms 

The P D between its poles when they are joined hy a wire A w 
Id volts, and falls to 12 volts when A is replaced by another u irs B 
Compare the resistances of A and B, and the amounts of^rat 
develc^ped in them in equal times \P " ' 

(4) Heat is generated in a wire of resistance 10 ohms which forms 
part of a mronit oontaimng a batteiy and haTine a total reswtance 
of 25 ohms Fmd the resistance of a dinnt which when appliw to 
the extomities of ^e wire will cause the heat generated in it per 
second to dimmish m the ratio 4 to 1, ossnimng that the reswtonoe 
of the wire does nob alter sensibly with its temperature (" i-*) 

(6) Detemune the final temperature of a copper wire 16 6 cm m 
diameter through whioh a current of 10 amperes is flowing 
resistance of oopper =s 1 65 miorohins per centimetra ouoe, enu 
Binty of oopper ^ 00025, temperature <n room ^ 1^ C 


Section C 

(1) If a oeU has an E M ^ of 1 OS volts and 0 6 ohm 
resistance, and if the terminals are eonncoted ly ta^M 
parallel of 1 ohm and 2 ohms rosistance reswbiwj. 

S^^t in eadh, and rvhat is the ratio of Reheat. devdo^gW 

eadh^ ' r #» i» 

(2) A batteivof 6 cellB,'oaoh of which 

and an internal resistance of 03 ohm, » conneoted (o) m ““ 

(6) in parallel, the current passing thwog** * 

0 1 ohm Qilonlato the heat developed in fte wire m ««“ , 

{Si A jacketed vessel contains a liquid » ?j,«^ds*of^hc 
isimmeraed. AnBME of 20 volts is applied to the ends or 
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innl, tnd aeiamiof Suoiwtes paMtinoa^ A\e l^intt 

a Um ^wd an \iail»d avay mi; miiHito tflw iteadv 


\wgini What u thalateiit mt of ^i^cmhciD of the jiqtud^ 

(Luter B Bo Hons ) 


(4) The heal of comhiutiQn of hvdiogoQ end ongoo to water u 
JjfiJ^^t^Snunineiiiatefaremgraiimieolfffanimtnitntb A 
v08 wtonne&t dMompoeei u one aecona OwOMS no. of 
Mte The meli^ equTtlenb oi heatbenigi-S x 1C, M » 
\alUthenialI^EMF vhnihoudeoomponirater (B6o) 
CI&i^lI>N»dl’hedlIiuuB117 otl-Wnlbudxeni 

intce m wffldW 
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OHEMIOAL EFPBOTS OF OTJEBBNTS 

201. Faradagr's Laws of Eleotrolysis. — ^These simple 
laws aie two in number — 

(1) The amouid of chemicci decomposition which kikes 
place %n a given time in a eeU or voltameter ts proportional 
to the total quantity of electricity whi<A passes in &at time, 
thus if w denote uie mass of &e parbcular ion hberated 
in time t seconds, and Q tbe quantify of eleotriciiy wliioli 
bas passed — 

wcc Qcc It 
or to = zit, 

m which J 18 the current and z the electrochemical equiva- 
lent (see Art 161} 

(2) If the seme current flows through several dectrolgtes 
the masses of the ions liberated are proporhorud to &eir 
diemeal eqmvalents (Appendix, 2) Thus, if the current 
from 20 Danidl’s ews in senes be passed through four 

Toltameters m senes contaimng respecttvelj 0 uS 04 »H 90 , 

AgTJ Ojy and HOI, it will be found that wl^ 1 gramme 
of hydrogen is hberated 316 grammes of copper, 794 
grammes of oimen, 107 12 giammes of silver, and 85 Id 
grammes of (dilorme will be hberated in the voltameters, 
81 6 grammes of copper will be deposited m eoci wd 
82 45 grammes of sme will be used up m each cell of me 
battery If the cells be arranged in two rows m parallel, 
10 cells m senes per row, only half the extenal cuiren 
traverses eadi cm, and therefore the chemical action per 
cdl will be half the chemical action m the voltemetM, 
thus, while 1 gramme of hydrogen is hberated m the volta- 

meter, grammes of zmo will be used up per cell 
2 
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the dmuioal eqmvalent of lyrdrogra os 1| the deotco- 
utrauai eqiuTalent of any ion oan be obtains by multiplying the 
eleotrooheimcal eqmvalent of hydrogen ( 0001(m gnn per e m 
nmt qnaatilg) by ohenHoal eqmvBlent of the ion Further# it 
hinst be xenminbered that the ohennoal eonmlant of an element u 
iteatonuo vreight dmded by ita Taleniy; 


The figuies given above aie appioxixnate ohenacal 
equi^eiite,1ii]^Jff::.l In chenSSil emenee it ia now 
vbqbI to reEer atomio weights to that of oi^frgen tahen as 
16| m which case the atonue weight of IT u 1 008 
pemx, 2) » this leads to certain oonfnBiont bat in 
oetouB which follow tiie more recent data axe employed. 

A of a Rnbatanoe ii a onantily m granmee 

wf Thna the atomio weight of adver 

'ah»0y w 1 1 henoe the ohemiOB] eqnivatent u 
was and^ gramme^mvalent of nlver is tiierdm 10788 
mamma ^e atomio wei^t cd sum u 60 87 and xta \almioy ia 2 # 
aenatlmQflAmicnleqmialmitu8268 and the gramme-eqiinaleiit 
Simihrly a pmmme-oloni of an element 
” * gmmmw equal to ita atomio wog^ and a pnmmo- 

Jj®“jewo^»aoilanoe la a quantify in grammea equal to xta mole- 


Since 1 em nut quantdw liberates OOOIOM gnn of 
"TwgciiilOOS/OOOlOMtite 9,650em nmt8» wQlubeiate 
1008 gnn , and this same qnantitr w]Il« Iwtheseoondlaw 
hbOTe#hberate 10788^ of saver, S2ragrm of amn, 
amdsoon JETenee 9,650 am irnitoqf dfecfnctfywiBZtberale 
of any aubafance 

™ ^ deottolyais indumtes ihat the atoms 

M8 timmsolves the oaxiiera of the bhaxges ITow the 
number of atoms in one gramme-equiTalent of hydrogen 
»aiKmt616 x 10**, heneethedmrgeoarnedbjahj&o* 
m dsdlMYnan is 9650/616 x 10**, it 
ro7x l0^ em nmte Farther, smce the namme- 
equxwdent of all monovnlent snbstanoes oontams tiie same 
Bmnber of atoms, this will be the ehaxge corned Iqr all 
^Emmoimlent kna, i a charge carried by a monovaleiit ion 
“ } ^ 10“** exB wuts = 167 X 10“** coulombs 

— 4 71 X 10"*® e 8 units 

Agam, nnra the gnmxme-equviaent cd a divalent aub- 
sumce contains 5a{f the number of atoms indicated abovek 
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it follows that the charge earned bv a divalent ion is iwict 
that earned bjra mono^ent ion, the chatge corned bj a 
triTolent ion is (hree times tlie above, and so on 
The charge earned b} the monovalent ion is the natural 
'^atorn ” of meotricutyalready lefeited to (vol i, 176, ii, 34), 
it IS identical in magnitude with the free negative diarges 
known as “elections ” , as will be seen later^ recent obser- 
vations on this electronic charge give results razing from 
4 66 X to 4 77 X 10"'® e s units 


Example. Whai xb FarQd(itf$ Iktw rB^ardxng dB/s^rodepWiiionf 
/Tbfs mtm causttc soda to produced per ampere Aour, and noto mudi 
iead, BxiveTf and mercury {from merewrouB nxirale) xmdd he de 
ponied per ampere hour? One coulomb evolves, say, OKU mtlh 
gramme of hydrogen, and ike atomic toetghis aodiuffl^ lead, stiver, 
and mercury ate reepecltiely 28, 207, 108, and 200 (0 and G ] 


(a) See above 


(() Valonoy of sodium =1 ite chemical equivalent a 23 
„ load =2 „ „ „ =103 5 

„ silver =1 „ „ = 108 

„ meroury(ou‘<)= 1 „ „ „ =200 

Now 1 coulomb liberates *0101 m g of H, 1 ampere hour 
(8600 oonlombs) liberates ( 0104 x 8600) s= 87 44 m g of H 


Hence by Lew 2— 

(1) Amount of sodium liberated 

per ampere hour S94A x 23 = 861 12 m g 

(2) Amount of lead liberated 

per ampere hour s 37 4A X 103 5 » 3875 „ 

(8) Amount of silver liberated 

per ampere hour s 37 44 x 108 = 4043 52 ,i 

(4) Amount merouxy liberated 

per ampere hour = 37 44 X 800 = 7488 ,i 

Oaustio soda » NaEO 


Atomic weights of No, H, and 0 are respectively 28, 1, Md 16 
(say) , hence in 40 grm of oaustio soda there are 28 grm of soaium, 
Igrm of h^rogen, and 16 grm of oxygon ^ ^ ^ 

% the problem the 801 12 m c ( 86112 grm ) of sodium uiU com 
bine with water, forming caustic soda , dearly then 
223 grm of sodium form 40 grm of caustic soda , 

1 grm „ forms „ „ » - 
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808. Back S JB.F. in Eleeteolyi^^'Whea an deo- 
favSjte IB deeampoaed ly lilio paaaa^ of a oorrent) lihe 
lepaiated uma poaaeas ^eniial eatergj and tend to re> 
iuutq,Betbngi;^ alnckllMP. (Art. 191); thus the liaelc 
BlIF. in a iroter Toltameter la abonfc 1 5 Tolta asid m a 
comer animate voltameter fitted wth pbOrnim deetrodee 
abont 1 17 to]^ 

OoDBider, howerer, a copm aul^te rdtametei fitted 
mth coppw dectiodea, tke latter iang ta mA a coadifion 
ftot thou are readthg aded m hy Ae nt^Aioa 80^i the 
chemical aotiona are — 

(Kathode) On 804 s= 0 u + S0 . ( 1 ) 

(Anode) On -|- SO 4 == OuSO* . . ( 2 ) 

Eqnat«Hi( 8 )u 8 iini]artothatof Art 118 Aainihat 

abHM am 2a n LI . a 


-- a -- — vvmmmmvm ml arauwL snvniir w 

tmcvoBOy aaidf Iucb fhe poIbnsfttuHi of tlio hii^-potontud 
^m thBHmipleceiIl,ahiHd!!JSlfjP wtteTandt Theae 
EblF a axe eqnal, and eased, eadi other, hence to&aa 
ewer edpiaie ta eulgeeied io dedroiyne, the eZedrvdiM 
copper pdatea vAxA eon readaiy U aded on in Oa 
cminyportanoe Bieonly 
au? \rbusli need be meixtiOBed m this oaseii a yetj 


min 


■MI?! 


the copper aolution heconuae ahghthr ahonoer 
mjer^anode, and mdcei near the kathode as eieottc^ 

Itvas shownmArt Ifilthatthepoverapeatincibemioal 
md ^ product of febackEMJ'. 


JK? *® SS.®®** partiBny or eo^tety dusociai^ 
ton. (Art 148). The mw iluSto 
M t&i’® ™®® wm]^ u the dissociation or nmisat^ 
w that in a very dilute ebctmlytu sdhhon ptaiSJ^ 
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tho molcculos of the dissolved substance dissociate into free 
separate ions Each of those dissociated ions carnoii its 
otru appropnate charge of olectncitr, and therefore the 
chemical and general properties of an ion differ csscntiallv 
from those of tho same atom or group of atoms when free 
of charge Thus m a dilute solution of ECl, tho KOI 
molecule is dissociated into K and Cl ions Tho E ton 
carries a positive charge and tho Cl ion a negative cliargc, 
and so differ from free E and freo Cl 
Tho hohanour and properties of a particular ion ant 
found to be independent of the other ion with nliich it 
mar ho associntw, so that manj of tho properties of au 
clcctroljtic solution are additive properties determined bj 
the properties of the ions present It is reasonable to 
predict ionisation in electrolytes, for (be high specific 
inductive capacity of the solrout will result in a marhed 
decrease in the electric attraction winch hinds together tho 
positivo and negative ions m tho molecule (Art 80 } 

The explanation of tho process of eicctrolisis and cicc 
trolrlic conduction on this basis is a simple one When 
an ostornal E M F is applied so as to give a current 
through an elcctrolv te it is assumed that tho lufliicnco of 
the E M P. IS merely directive It causes tho free posi 
tively diatged ions (kations) to travel in one direction 
through the solution and tho free negatively clnreod ion*- 
(anions) to travel in tho opposite direction. The ohvtpc' 
carried by the mn^ are delivered up at the clcctro'lei nii'T 
the ions themselves liberated 
Tho tTpenmental evidence on which tins thoiiy rests 
IB found along a niimhor of widely diveigcnt jnihs oi 
ro'.e'vrch — 


KoWmwch nnd, lator. ritrperiWnnd 1 ronton Iimc 
tho flow of enrrtnt through on dKtrolj lc is suVrt to OI. y Isw 
This implies tlivt n tie t^ftlro’ytr no In-I I 1 tdn 
cular ri^ompo^itinn, is rot up. Mid Ihw is " vV.', .)t 

obtain in i» » iliifon contaimni; fiyo di-’-Mistwl fwi* 11 1* i » » 
of potantinl ret op in ti *■ luimd nrbes t’ e ^i«n« h rh 'f. d ' 
tn one dirv't'in r-nl thenstitn*!! iw I’l tK "rP"^ 

dlr^rt^ nithoat Urn of i wj «, 7 / T, 
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Thfi ookmr of eleotxolytio aoluboiu u alwaja an additi^ pro- 

Mirt7 ^Okiu^ the ooloard eomr <diloEidemoleQalea u yuiOTi a 

eonoeafntadaoliiticniif the aali u gcaeii* and adilnte artirtion mne 
f| expliJnad by that in tha oopoanfaatc o^ aoln tion 

diaaoaiation la inoom^ta/uu tihe green odkmr xanid|B from l^e 
^ yd[Unr due to nndumiated QopjW eblonda mcue- 
fftiW and bine dne to the 00]^ lom, vhile m the ddnto acuntm 
where the duaooiation is complete the odknir la the bloe of the 


of oamolaD pre M HUce m deotool^bio aoinboiia aSao 
anpport the duBonatioa tlieo^ Dureefc detenninataon of oamofao 
pteaanre and detenninatioiu of the aaaoouted ooDatanU^ the lower- 
urn of the Tajponr prea an re^ and the lowenqg of the neaing point 
give abnormal^ hi^ naultefor all deetrolyteB These zesnlta are 
at onoB explaund end heeome norniel if it la eaanmed theh the 
number of aotxve molBOidaB per nmt Tolmneof the aoiatian is ^TeOi 
not hy the nnmber of moteenlea of the duaolTed anbstano^ oxf bp 
(he muidwr qf/ra MM mid violeeidm per 

The ohemiQU aoimto of deoteolytee IB also foond to depend upon 
the duBOQiatum of the onaolTed mateonlea 


hi the expenpuntal mTeeti&ahGiL of eLeotrdlyma the 
qoBsib^j wih^ is most dneotfy measnzed is the 4pact^ 
raaiafenee, mefliodB o£ dmig thu aie erplauied m Chapter 
XVI If an dectoolytu eohitiQa oontoana tit gxazame- 
eqxdTalente m litre ^the apemfio ledatanoe of the adiz- 
tion he p, then 1/p is the condaehm^ k of the aolnhon 
and 

CraoentaSm m 

TfauooiutBiituaa importaait one in deottolTau Itu 


giadnaTlf mfiEBBseB as the eonce&tratm deereasee, and for 
Terj dd^ aoinhans is praoHcally oonatant That ia, for 
Terj dilute aoluhosB t& condTiBlavify » ptmariional to 
the eoDoeiitndafla la the ease o£ a/dda fjie 

eqairaleiit eoiiduatm.ty infinaaes as the conoeotEatioa de- 
fuses, alfama amaxnntuii for TeiTloTO(nioeiitmti<m, and 
men npidly decreasea Eor all aatt aolufeionB 13ie valiie o£ 
Vffl 18 piactioally the same, for aoida and ftTlai.lMii the 
nanmnm Talue is about three tunea that for oeotial —it* 
The Tuneof Kfor a aolutioii of EGlcontenuiK 0 1 sranuiie> 
egniTBlentparlitreisllW x 10"“ 0 OStBute. 
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The ratio of the numher of active molecules la a dilute 
electrolyte to the number there would be if there were no 
dissociation can evidentlj be determmed from the ratio of 
the value of Kim for the solution to its limiting value for 
an infiiutely dilute solution This ratio can also be de- 
termined fiom the loweimg of the freezing point of the 
solution The table given below, doe to Arrhemus, shows 
the »t grnaw»ftnt. of the results obtained. The fiist column 
gives the laho as determined by meosuiements of con- 
auotiTity by Kohlrausch and Ostwald The second gives 
the values as ^termined by Haoiilt from the lowermg of 
the flying point The third column gives the coefficients 
of ionisation, indicating the pioportaon of dissociated mole- 
cules present in the solutions 


NaOH 

188 

196 

88 

Hto 

19D 

198 

90 

HNO, 

192 

194 

92 

H,80, 

219 

206 

60 

Kfel ‘ 

186 

182 

86 

Nadi 

182 

190 

82 


The conductiTity of eleotiolytes increases with nse of 
temperature, but the value of me coefficient of moreaso de- 
cremes with nse of temperature and mcreose of imncentiar 
tmn, varyingfiom 035 for dilute solutions at 0® 0 to 016 
for concentrated solutions at 18® 0 


204. Ton^" Velocities.— It is known that changes m 
concentration occur in an electrolyte during ihe “ 

dfictiolysis, Hittoif has explained this in terms of tlie 
difEeronoe between the velocities of the pwitive and ne^ 
tive ions, and lias shown how the ratio of the vdooibes may 
be detemiined from the ohan^ m roncentration 
Oonsider Fig 861, m whnm the dots r^Ment 
lOM (kations) and the circles 

tihe velocity of the former to be double that rf toe 
iSte Charges must of course be given up to the 
Swteodea atTe same rate The first two rows mi»te 

a^^dition before the ouiient pmses, toere^ 
moires in each compartment The second two rosra 
SSe to^condition m mstont later, when toe cuirent is 
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pwriTig at the kathode 8 ions hare beea deposited, the 
b^ode ooELpartineiit contauu 7 moleettlies asul hos 


KATHOPCSffAOE i SNOPE SPACE I 


IllliiSSiSiiiSiiiill 




Jl 




Ftg 861 


fan fod 1 i»o7eett7e , ot the anode 8 lona Imre 1)660 de> 
posited, the anode compartment contains 6 moleenles and 
not fher^on loH 2 ffloZeeuZes Still later, the thud tiro 
rom mdieate the condition . 6 ions hove been deposited at 
each oleetoode, the hathojte compartment has 6 mdecules 
and if« ion i» thereon 2 moZeoHies , the anode compart* 
meat has 4 moleenlin and its ion it thereon 4 moZeraZn 
Clcarlj— 

Loss m concentration at kathode „ 1 
Loss in coocentmtion at anode 


U. 


__ Yelocity of anion 
li^oeilj of fcatu^ 
Kathode apace loss _ v 
Anode space loss ~”w 




( 1 ) 


wheio V IS thei^looiij of the ne^ino ion and it therelooif^ 
of the po«.itive ion A chemical analysis of the solubon in 
tho neighbourhood of tho kathode *and anode ofter the 
tmbas;o of a current will thorofoio mvo the ratio of v to v 
Furlhcr— 


Kptho do spacoloss ^ i , Ani^e space loss ^ n 
Total los*s « + I * ^tal loss « + V 
Thos** fnictioits am known as tho f ninirporf radios or 
hem , the former, which gives tho loss from the 

nci jhbouchood of the kathode as a fraction of fbo total 
ICK^s, K tho one nsuallj giren 

V aani 34 
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It Tnll be noted in the above that no ohemioal aohon at the 
deotrodes is involved. It oorresponds m foot to the deooznpositum 
of (say) copper salphate with platinum deotrodes j here the leeoilen 
tnpon the anode side is to the vmakenvag on the kathode side as u u 
to V Oonaidery however, the decomposition of copper sulphate with 
copper eleotrodfiSi If an experiment be airanged, the electrodes 
being horizontal in the sdntion with the anode below and the 
kathode above to prevent the observations being interfered with 
oonveotion ourrents, it will be found that the solution becomes 
lights near fke hUhodt and ddr^ near iht anode In this case the 
concentration os a whole remains the same, solution is iirmig(heMd 

near the anode and veakeaed near the ^thode (bv an amount pro 
portional to v), and copper (proportional to u + v) is taken {ran the 
anode, an equal amount being deposited on the kathode 
Thus imagme « gramme moleoues of copper pass from the anode 
side to the imthode side, and therefore v gtamme molecules of 80 ^ 
from the kathode side to the anode side On the anode side these 
of SOi, together with the u of SO4 left by the copper which has 
mignted, take (u + v) of oopper from the anode, forming (u + e] of 
OnBOi There is amnst this increase a decrease u of XhiSOi due 
to the copper whioh has migrated , the solution on the anode side 
18 therefore Orcngtr by v of (^SOi On the kathode side the « of 
oopper which has entered and the v of 
copper left behind by the SO4 which has 
migrated are deposited, and ^^e solution 
on tile kathode side is therefore weaker by 
V of CUSO4 Thus, in tins case as in the 
preceding, the ratio v it can he found ez< 
penmentally by an onalms of the solution 
(say) at the anode, ana by finding the in 
crease in weight of the kathodoi 
One form of apparatus is shoun in 

362 A is a silver anode, j? a silver kaihoae, 

and the solution is AgNO^ When the cm 
rent has passed for a time half the oonteiw 
18 removed from the burette and analysed 
and Om strengthening (prpportwnal to v) 

18 found , the increase in weight of J (|^ 
portional to (it + v)) is then found Tne 
ratio V It IB therefore known 



A further step, due to Eohlrausch, enables the 
(« + n) to be aetermmed It will be seen that ly 
ionic theory the current through aji electrolyte 

upon throe things, (1) the number of ions mvolv^. (2; the 

cbirge catnedby each ion, (3) the rel^^ 
throngh flie electrolyte Thus, in a dilute solutiM o 
potasBuim ohlonde containing n gramme-equivalents pw 
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eobie oeoatiiiiefare, leb fhe ohargeB eatned I 7 a gtamms- 
equmdent of tihe £ and Cfl urns Im « aaid— e muta, and 
leit tiie feloctfaea of &eae lona be « and « om per aeo 
xeapecdTdT. ThscaineataccoaaoiiBaqiianoeataiiieinm 
eteebolTte tnU then ocmaut of the ttsnaEar of nan Qnita 
ofpoBifara eteotneafy m one diraofeKSi, aad nm luuta of 
xiegabve electnoriy m the (qspoaite dueehon, that ui, tibe 
onnrentuineBantedlqrn^tt + a) or 9650n (« + «), aiaoe 
esSGSO em omta w m gBfc u alro gmn. ly 

K nhete K XB the oandoeimf^ of tbe liquid aaid 

iFfd* the gradient nit potential m flu dixeohoa of flu 
enxrent Hence 

9M0.(.+.)=.g.r.+.=.i g 

Here, if the eoneentration of flu aolutuHi be expsaaed 
aa m uamnu-eqiuvalBiita per litie, 'we baTem = n x 10*, 
andi£BTalQBof(i( +«}£wapotentialgzad]ex[tofoneTblt 
perom =:10*em Tuata of pote&tul perem ugcreabgr 

(.+.).ixWx^xl(K 
= i X 10“ X 00010868, 

411 


(« + v) = ± X 1*0862 X 10^^ (2) 

m ' ' 


HioDOQ (fi 4* v)* sum of tbo Tdoodafis of IIib lonSi 

tecalcnkl^finm kM. the eqmvaleaDt 
dfictrdjte^ and tihiB amoe mis tlm keunm 
ooiussiitnitioii andjc = l/piwhsro pis tbo 
fimdb; flu mrtboda of irt 284 Enoving (« + «) and 
r/n, the Bepaiate Yaluea « and « are detenmned 


’Eoheaxi^ Qis fheory oso be applied to oaeea irbere oB 
tae UBleciilei an dinooiated Fnrtbei, then '‘dnft" Toloatni 
***at**B add are email, aad nraat not be oonfoaed mQi the 
u^tm of ^ oumiig mduenminatelr m ell direetiona with 
*nMh w owtic praaun” ic anoouted. The veloeitgr of an ion 
™^anit deetno ferae (nf one Tolt per eentuoatra} u called ite 
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CHEMICAL EFFECTS OF CURSEKT8 


The table bebw gives the Tallies of + v, and v m 
10*^ cm per sec for K, and d in solutions of SCI 
and SaCl of different concentrabaoB 


m 





Xhis table indicates (1) that the lonio relocify mcreases 
as the dilution increases and tends to a constant moximuia 
Talue at mfimte dilution , (2) that the bunting Telocati of 
the ion (01) is the same in different elec^Ijtesi that 
is, the vdocitj is a specific constant of the ion 
The speofio ionic Tdocities of some of the commoner 
ions are given below in 10“® cm per sec — 


H 

320 

OH 

162 

K 

66 

a 

69 

Na 

45 

1 

69 

Ag 

57 

HOa 

64 


From these velocities it is evidently possihle to oalOTlate the cm 
duotivity of dilate eleotrolytea For example, for a dilute solutton 
of the value of (u + v) is 121 x 10“« cm per see., ana 

sabs^ting this value m the relation 

4 - 0 ss ghn X 1 0362 x 10^ 


the value of x/m can he determined 


i 

i 
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albiJm 


‘ yAXy sdhitioa o! aodinm ciUondfi 
tnoa'cif pbanbl p&tiialMn A onneat im pasted from ana 
TSBiel to tine etbsr tinonj^ the tube, and as deotool>sis ‘vent on 
tkevdon^ of tvaiulBr ofmH ion Rosindieatedaiid 
tlie xate at vhioh tbe phenol obthaleiii mdieahon of the fonnatiOQ 
of Hd tw^ed ah»^(1he tohe 

Siimlar detenmnations of lomo '\doo1t3 have moco leoent^ been 
madehyW 0 D ANlietham and Orme Mossoii. The method 
adopted vece digbt modificatoa of Lodgers onguud msiliod 
Xh one expenment the rata of duplftoement of the boondsij 
betw e en equivsleiit solationi of mtoiuinm ehlon^ and potassmm 
faithxoiiiBto. aa mdieated hj the advaiioe of the ooilotired ion Qcfij, 
was obseneA In another a eohmted kation, sn^ aa Cn f^ a 
ydnt ion of ooppor ehlonde. and a oidoiired anum, andh aa 0^0} 
from a aolnticn of potasnnm bidtuoiiiatai veto nuide to twm m 
opposite direotums along a tnba oontamnig a solntnm of KCla 

ana the rata of ptogress of cadh 100 obsen ed 

S 05 . Theosp- of the Sliaple Cdl (oouldsuiiad). 
CQiemi^ aaft Contnot SheorioAr-BoCoire jpFooeedisg 
vifih this seotKKa the atodent ahonld agam. nad Art 
whooh oathnea the cthenueal theoiry ofi the nni^ odL 
Ittt thfiiEO indusated that both 'the ymo, tihe ctnimgr 
rttnust the negatiTely diarged oa^gen lOEoa vithin a Terr 
lunov (molecolar) fibn, ihah eqmhbnnm la gmcUr 
attained smoe the plates beoome negatmlj diaigefl ^ 
ima repel the free lajgea loitt electeM^ 

fwattaertibeindieiD^ and that b(w plate ate 
IMoced m potentaal below the ofoter aaxEaoea dthefilma 
It IS forite indicate smoe te alteeto 
te (xxyg^ a gioate than thrt of te o(^ 
slope a ^ the smea greate 11ienteBli^i|,ahteooDii» 
so that the p^tal of the sme a bdowffiepote^rf 
^copper. TheBMS. (JB)oftl»teaaWl^ 
276 indicate the condifaoia letete ^ 
The same item; be ooimyeda^ fdOom VUmnit. 
^ a plate in the add the poteve zmo nms 
with the nc^tive BO^ ions, forming 
the zmo pH 
wludi coml 

are ateaoted _ 

baTC an eZeefno dovm foyer, fumsmiun P 
anc on the one ade and the.ycii|if^]i^j^' 


A '■ 
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oiiher (!E!ig 868), and fonning a molecular condenser, of 
which the zinc is the low and the acid the high potential 
element Equilibnnm is soon established between the 
toidenc^ of the zinc ions to combine with the 
zi?i3 SO4 ions and the tendency for positire ions to 
^ ^ dnven from the acid to the negatiTe zmc 
Z f plate, so that with an infinitesimal consnmp- 
^ I * t- ^on ol zinc the P D Cj is estabhshed Smn- 
24 . Ibt actions occur at the copper, but the ten- 

§4 - Z dencjr of copper to combme with the aad is 

t Z 4 zinc, so that the P D c, is 

'nZjrH- less than €^ 

Fig 883 Xf xiow a copper wire be attached to the 
zmc plate li acquires (pradteaUy — sea Ghap* 
ter XV.J the poterUud &e sine platen and the FD 
tween this copper wire and the copper plate of the cell is 
theiefoxe (on open circtdt) the EMF (S) of the 0^ 
viz Ci — & 


There are, however, many experiments which show that 
ifpo metals %n contact are at different potenhalsg and Yolta 
believed that the main cause of the working of a cell was 
the contact of the metals ; on this is based the contact 
idieoxy of the simple cell When zmc ionches copper 
there appears to be a flow of dectdcity from the copper to 
the gnnn which causes the to be of higher pot^tial 
Experiments were designed Yolta and oth^ to test 

tiuB, but most of these earlier expen- — — 1 

xnents are capable of other explanations j ^ 1 

and are mconclusive, Ayrton and Perry’s | ^ | 

which 18 a mom- 


more recent eiperiment, which is a modi- 
fication of Eelvm’s eqpenment, is com- 
paratively free from objeoticm 

KELVIN’S EXPERIMENT (Eig 364) — K 
and C are ]^tes cl zmo and ccqsper placed 
honzontafiy on an msidating sapped and N 
28 an eleotrometer needle ofamed posiindy and 



Eig 364 


a dr^ m acid the nudls ia not d^/UeUd Hus seems 
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tliftt vhsn sino and oopper an in oontaot tiwre ib a F D betirem 
thenii the uno Imng positm, Imtthat^riw&immerBedmaoiidtiiey 
an at tiie eame potential 

AYRTON AND FRRBY’8 EXPERIMENT (Fig 366) —In the 
Bgnn O repraenta diagrammatieaUj 
a quadnnt eleotroineteri nfaoee two 
pain of qaadnnta an oonneoted to 
flat honnml bnaa ]^teB A and A 
L and II an tiro other plates pandlsA 
to and at the saae dutanoe from d and 
A and oomueted to one another ^a 
arm It arts argned that if A ana If 
be at diffinrent potentaals, A and B 
vill have a prop oi't w mal diffiinnoe of 
potenbal of the same kind The ez- 
penment elearly showed a F D | when 
smo and oopper wen naed, of about 
*76 Tdt^ the mno beuigpcaitm 

These xesnltB appeair to indieata that sue and copper 
have a oontaeb FI) apnroaoihiiig a volt Modam wk. 
lunraror, goes fsr to wow that iSiis theoiy most be 
alsmdoi^: coataeb of dusunilar metals or other snb* 
stances does give nse to eiectnesl sepaxafion, but not to 
(ht separation we have to deal with in a voltsio cell For 
metals the difference of poteniml estabbshed bj oontaot u 
exceedingly mmute compared with the dectromotiTe force 
of a ceD, imd has been held to have little or nothing to do 
with vedtaus cimenta, m the ordinary mesiung of the 
term lElie moat probable theory of the Toltaio edl la 
the chemical theory given above, and an explanation of 
the expenmenta 3 iiBt wsmbed can he given in on exactly 
auuilarway 

Cansidora^eoeof xino(Eig 866) anrrooiided by air— 
bere, jnsb as when immersed m dilute amd, it attraote the 
ndghboniiig oxygen atoms, bat in the liquid these atoms 
wKtfe dimetttted ore free to obey this attraction, whereas 
in air, lekere /lien te pme/teaJljf m/le dieneiahan, they ate 
notfieetedo so 

The molecules of fiee oxygen are unebarged, but eaeh 
umleeule may be supposed to be resdvable mto two atoms, 
oao charged, posithdy and the other negativdy. Under 
the influence of the 'attraction of the sme the layer of 



Fig S6S 
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oxygon moleonlea ndjacont to it may bcconio polansed, 
fonuing an inner layer of nogatiToIy charged atoms in 
conuuit with the amc and on outer layer of positivelT 
dialed atoms surioundmg this inner layei Equilibrium 
be attained when the atli action between the zmo and 
the adjacent layer of negativelj obarged oxygen atoms 

equals attioction b^ 
tween the two layeis of 
P <1 atoms, and the work done 

m eSeotmg the polai jsaiion 
! of oxygon molecules la 

/ fcr equal to the oaeigy of tho 

^ I / cbaiged condenser consti- 

S i /* tuted by the two laye» of 

L — : ... — oppositely chaiged atoms 
Atr c Zn Cu c A\r Whether the inner layer 
Fig see of oxygen atoms actually 

^ ^ , combines with the zinc ana 

so touisfeis its chai^ to the metal or simply remains in 
dose oontont witii it the zinc is practicaliy ncgatii^y 
chaiged, and a difference of potential is set up between i(i> 
or the layer in contact with it, and the adjacent layer of 
posiUTOIy dialed atoms Tho magnitude of tins difference 
of potential will depend upon the force of attraction bo- 
tween the zmo and tno oxygen atoms The idation between 
those two quanfahes may peihnps be expiesscd by of 

the formula for the atti^ted msc electrometer plates If 
V be the difference of potential set up, 8 tlie distance be- 
tween the two layeiB of atomSi and / the force of attrac- 
tion per unit area of t he zm o on the inner oxygen kjer, 
then we baxo v = 

In the case of tho coppei Iho details would bo the Bamo 
08 for the zme, but as tho chemical attraction between 
copper and oxygen is less thou between zmo and oxygen 
the diffeionoo of potential set up bolweon tho two kjors 
of oxygen atoms would be loss in the case of the coppci 
In tho cose of zme this diffeicnoe is about 1 8 Tolta and 
in tho case of copper about 8 Tolt 
'^len the zme and coppei are put in contact fiey 
aegutre the tme poteniialt but there iml now bo a diffd^- 
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enoe of potential between to 
eontBot with to amc and toil m contact 

■pin pntmtial of to air jnri above tonne iw be htther 

ton tot above to cop^ by a qoaniiiy of to oraer of 
one volt: andiivOitdifiermmmi^uadmtBymee^^ 
by the ^ates A and B(hg 866) t» Ayrton ^ Pern^s 
ea$pemni 0 Ri Tli6 distnbuboB of potefttwl diMPBOO^ o^ 
alwve, u indicated grapbcflUj m Uie <a 

Fiff 866 In tbiB dmgiamtito metala axe m co ntact a na 

toditoenceofpotairiBdbetween tofilms of ongen ot 
to two netalau represented by ob and la here town to 
be about one vdt . 

The contact expoEmneinta of Volte and others era 
meidy illnatiations of to actum of a vdtto cell in which 
the winch surronnds the plates is an nundetOTy 

and not an electndyfs, which oondnets hi 'nrtoe of we 
dusociatum which goes on in it. 

Rg 275 (<0 e Bitnple cell on open circuit jney now oe 

extended as shown 
inRg 867, which 
giTBB the dutnbu- 
tion of potenbal 
wWthephtesere 
mereilj phused m 
lihe aod Thedif- 
brenoes of poten- 
tad hefeween the 

air nipitnl ^ 

and between to 
aadandtonstal, 
an ahown to be to aame for each metal, because in each 
ease to ma^tnde of to differences depends upon to 
eameehemicu affinity HSusa^laniBwhytorBiBiioalcm 
of potentud in to mierveniiig air, and accounts for to 
second part (ffSjdvm’aexpenment above however, a 
copper wire is attached to each ^te of to c^, todiatrif 
bntum dianm as riiown m 868 Thu figure u 
really a oomraatHm of Fig 866 and F^ 867 

The cttentikl pomt of difoanoo betiraen the two thoonoB of the 


^ir Za 


And 
Fig SS7 


Cu Ar 
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toltoio 0oII-->yolta’B acmtaot theory and tbo ohonuoalaotiumtheoiy— 
18 the explanation of the Bonroe of the oleotromotiTe loreB of the 
cell The contact theory sfcateB that the deotromottve foroo re- 
Bults from netalko coataot between the two metallic elements of 



Kig 568 


the oell The obomioal theory states that ib resolte in the way 
detailed abo^e font the obemical aobon going on in the cell Tlie 
evidenoe of Volta’s experiment and others strong support to 
the oontaot theory, until it was shown that Bie result of the ele- 
ments oonld be ei^lamed by the obemical ootion theory The 
ohemioal theory is also stronglty snorted ly the fact that it 
supphes a satashiotory oxjdanatton of the sonree of energy m a 
working odL On the oontaot theory it would be nwessatT w 

suppose the energy to be denvod from the heat of the eleinrots « 

the oelU and not, as is obTiously the ease, from the oheimost 
reaetions going on in the cell l ^ 


reaetions going on in cne ceu _ 

In thermo elcetnoity, ocmBidered m a later obapter. we ftaw a 
true ease of deotromotive foroo rasnltingfrom oontaot between ais 
motals. but tiie eleotromoti« foroes dweloped are m- 
tremely amall eompated with those duo to ehenuwl wfaon m a eeu. 


in me ounuu««M ™ — - - la iria im 

plates and the acid is the same for hofh plates, wd the B M JF 
U 1:I» ttiffirena of these two. m ft - «j Ew^enta on ™ 


Sa lArt^MT) seem to rndioate that (he single 
dififeroniw at the aurfaoes of lane and oop^ haio 
t e that ae aoid la above the boo in po^tial, tid tot ms wWW 
a «tote Me aad, ao that the B M E la Uie em rf u 

still imcerfcam whioh of those views r8m**e«ts ^ 

mneh in foToor of the former, and tote is some dwUt 
aAAuiaoy of single potential differenoe determinations by dropping 
AiAfitrodes and oapulary eteotvometexs 
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806. E.1KJ?, of Boranible CWUs. Tke Giblis- 
Heliiilud.tK E^iiatioiu--OdQa axe frequeaUj daasifled 
into levemble and xuniprevemblB Igrpes Oondder, £or 
exouple^ a Danidl’s cell balanced bj aneqnalandq^posite 
external E II F II tbe latter be xew^ veij small 
amount tbe odl will dxiTo a amall cunent m 13ie normal 


direcboni sine isdl peas into aolntioa at the Biiode» and 
copper^ be depouted at the kathode, on lereraing the 
ounentbf mmeasmg the external EMF theodl may be 
brought baok to ite onginal cGaidition« copper beuq^ 


poased into adntmn firom the copper plate and rino being 
deposited on the xincpkte Sow a cell may be taken oa 
a lereraible cell (negleotma diffoaion and ttoPEt heating, 
both of which are mererailile eSectB). The nmite oi^as 
prenoudy mentioned, ia a non-rerermble cell; hydrogen 
esttu^ and c an not be replaced by a rereiae current 

The second law of thermodynanuoe can be applied to 
reversible prooesees Xmagine arever- 
nble cell y^lanoed by an equal g 
Ofjpoute EMF ) m anendosuremain- 
tamed at absolute temperature T, and S. . X R 
letEbeitsEUF at this temperature V I \ 

Seduce thebdanoix^EIIF slightly ^ ^ ^ 

so that the cell diiTes aeharge groow 
thecucuit The line traced on tiie in* o 

dicalor diagram uSJB (Fig. 869), tins tig 8b0 

18 poxalld to the axis of g, fen the cell 
tsKes m heat I to keep its temperature constant the 
EILF (E) IS oonstant at constant temperature 
Now isolate the cell thermally, and bt it drive an in- 
fimtesimal charge; the cell draws upon its own energy, 
and we wdl suppose that this produces a cooling effect 

Thotompenitnieisiunr T— ST, fheEMF vsE — ^ST. 

, dB ^ 

denoting the late of change of BMP mth 


t^penfura, and {ho line tnoed on iho diostam is tho 
aaiabatie SQ ® 

Place the cell in an endoante maintained at ahaolnte 
temperature T—W end, mfli a nretse EJLP. infinite- 
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Bimallj than that of the cell, let a lereise chanra a 

be pused the Ime traced le QP Pinolly, thermoKo? 
late tlie cell and pass a chai^ vrliich will bring the c^ to 
itB onginal temperature T, the line tiaced u PS 
The bato of usrful work done by the cell u repre- 
sented by the area SBQP, that is— ^ 


Work done =s8By.XY = Q—ST 

In fte thoimodynamics of reveisible engines it is shown 
tJiat the ratio of tlie useful woifc dutmg a cycle to the heat 
energy taken in at the higher temperatuie is equal to the 
ratio of the diffei enco in the two temperatures to the higher 
absolute teniperature , hniwA 


S 



ST 

T 



]^ow let hf be the heat in energy units due to chemical 
ohanges in the cell when unit e m quantity posses, so that 
A’g will be the heat for a transfer g Thus dunng tte 
process SB the total heat m energy umts is A’g -f h and the 
work done is Bq, hence 

Bq ~ A'y + A, 

Es=h^+X 

i 

ie + 

ifl* 

This IB Imotm as the equation of Helmhollz or of 
Willard Gibbs If tlie temperatuie coefhcient dEfdT be 
Eero, ^ tins is assumed so in the calculations of 
Art 197. If dEfdT be positire E > W and therefore h is 
positiTBy beat must theiefore be taken m to keqi the tem- 
perature constant and such a cdl mil cool on ginz^ a 
ounent If dE/dT be negative the opposite mil be the 
case 



OHXUlOUi EVFBOT8 OF GVBBmnn 


IfiB 


so?. B^dntioa SresBiire. Eleobcode SoteutialB. 
Oojpillaty Bleeferometerit — Oonnder a amo plate m a 
nflotuni ^ nne enlphate ame ions m aolntuni eserb 
a pTBsaere (osmvbe {aesaoxe) tendutg to dtne the ions 
apon 13ie si^, bat the ions in the metal also^ exert a 
pteBBote (aolotm pteaBnre) tBBdmg to dtne ame ions into 
aoJMioii; there viu be Mtalibnom vhea the oppoBiiig 
mflaeaces boiaiice eadi ot&r Thna for a metal phased m 
a Bohitifni of the aame metal there ie a paxtusolar F^oe of 
the oamotus pteaaoie of the metallia uma m aolntum for 
erhich the metal -will neither be d^oaited from the aoln* 
boa nor diaaoihred finan the plate, thie mBaainea -what ia 
termed the edeotxolsrtie adnldoii pEeasaze of metal 
for the aohent 

Conaider ogam the amo plate m aalpfaate and let 
the oamotio preaauie of the «««* lona in i m^ tann ije leaa 
than the eolation preaanre of the amo PoaitiTeily olimyd 
amo lona paaa from -Qie plate, and an cdeetzie doable hyrer 
n formed, the amo plate being negative and the »nbifa<w^ 
pMtiTe Thu will oontnme ontd the adutioa pieaBoie of 
the metal la balanoed by the oamotus preaaaxB of the b™« 
uma m aolutum and &a deetno doable layer If the 
oamotio preaapore of metalho uma in aohitumbe greater 
than the Bolationpressareinetallio ions will be dtxren on 
the metal and tha alaetiio donbla layer will he of opposite 
B^, { a the plate will he poaiiiTB and tiu enlnfann 
tne. If the osmobo preaaare be equal to the 
presaure no double layer u formed and no PJ). 
betncen the mstol and the aolutum 

®ibPJ) between a metal and an deatedhte ia loEaixed 
teoa aneleoteoae potential and the EMP. of a eelL as 
wn^y meosuTed, » the algebnu anmid aUliie 
meenode Mtonbals and other PJD ’a dae to contact oflua- 
amnlar anbatanoes To measnre a mufo electrode po- 
tenbal another metalho juncbon moat be mtroduced to 
the h^d to the measuring inatniinent and thu 
mti^^ a dd&eulty and wurees of error One method 




cnrMrcAn rrFrrxs or 




pelt 


1)0 mnisnrcd, the romaiiung Finglo poleotml diiTerence 
ZnClLSOi « found Another method is to uco a "drop- 
ping electrode,” sp inercurjr dropping into a solution from 
1 fino niv/lo 

I'lio CapiUosy Zlleetrometer is nn nppbcafion of the 
oifect of clcetnc currents on tho surface tension or surface 
cncigj of tho boiindnrjr Iwlncen mcrenrr and an acid 
At tiic coni net nn 17 M R is set up such tnat tho mereuij 
IS posituo to tho acid, and tho surface tonsion depends 

upon this B M F , becoming a 
f^Tpargiitm mnximnm srhen tins E 31 F is 

1 ^ fcV reduced to rero In Fig 8/0 

tho Tcssci B contains merear> 
and a quantity of dilute snl- 
phiincttcid, A is a tube dravm 
/n-ft out to a fino point and confam- 

lUg mercury B is joined to 
the high potential end and A 
-I — to the low potential end of an 
‘rtf’ll ndjnstablo resistance tbrongb 

vlijcli a current is passing, so 
tliat this apjUted potential dif- 
ference, vir current X resistance, may be rnned Jfowif 
the surface tension increases tho meniscus will nsemA, 
while if tho surlhco tension deiaieases it will fall By 
adinstinc the resistance tho applied potential difference is 
altered unlil the mercury m A reaches its highest wmt, in 
which case the mereiiiy in A and the acid ore at toe same 
potential . tho P D g»*en by tho product of the rreistance 
and the current is then equal to tho P B between the mer- 
cury and the acid smeo tho two ore exactly balanomg 
The instrument may be used as an electrometer. 
tho mcreun in A is connected to the rnerouiy in B, ana 
botlioreth^foroattbo same potential, the meroiOT sur- 
face m tho lower part of tho tube A will bare a detote 
position winch may be marked H, howerer, A and B to 
wnnected to the two points the PB for which is 
—A to tho low and B to the high so tot a current ^s^ 
from B to A— the surface tension at the lower end of wo 
merewi « recreoses, and the surface rises in to tube. 


I'lR 370 
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mpiMTHtT. BnSOXS OF OCTBBBinn. 

Tha i«***»"* of thu dumge of poafum, or the ohao^ of 
ipnsitiio necessaiiy to bring tbs Borfaco baok to iho s^o 
pomlami, nay be talm to mduato lihe difietence of poten.* 
tud betoeen the weteniy in ^ and fbat in B 

871 diowB a fnm of insfanment oonstoocted to 



measuiethe nunease of ibe presante on Ibe upper imi&oe 
of the meRnny in Ibe tabeneceBaaiy to adjw the loner 
Boifm to position induatmg no dfEerence of potential 
betnmthetorosiasBeBof mereiOT The conneetuaui axe 
80 anaaffied tint the loner nuuaw neioniy iaatahu|b6r 
potenbu than the nppei This canaea Ibe loner lem of 
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the merowj in the tube to nse and the Diessnn m rto 
S* tube haB to be uwreBsed to hnng it back 

Sdte^AfSr?® mstSiS 

Mould be (^ibrated for nse and cannot be used for n 

greater than abont flS Thi 
form of electrometer is doe to lappmann 


of I'lmSlS » P D H indioated by the motioa 

01 a bqnid may be referred to in passing (Rg 371e) AS is a 



Fjg 371a 


bubble of dilute Bnlphuno ooidy in a capillax^ tobCy between two 
merouiy surfaces. If (7 be connected to a positive electrode and D 
to a negative, a small current flows which increases the surface 
tension at B and diminishes it at A Hie babble therefore moves 
in the direction AB till broo^t to rest by the differenee of 
mercury lovd produced at 0 anoB 

Neumann gi\es the following for the single potentml differences 
for metals in contact with normal scdutions of their salts , pins 
ngns indicate that the metals are oftou the liquids in potential 


Meua 

Buijihaie, 

J^t^nUe 

Zino 

- 52i 

- 473 

Cbpper 

+ SIS 

+ 615 

Silver 

+ 974 

+ 1055 

Mercury 

+ 080 

+ 1028 


In a DanioU’s eell we hai e the artangemont 

Cn/GuSO^/ZnSOi^z^/Cn, ^ 


CHBunaXi SFFsora of cubbbnts. 
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wd of tJieio tho oantiots QaSOJZaSOi and Zn/On axa aniaU And 
may be naglaobed tlie adota oorreol^ tbe otmta^ 

CnAbibOi 18 515 vdlt» the coppw being obote tiie C 11 SO 41 and m 
maOaat^&^JZaxiB 52^ the ZnSOi beisg abort 
the BUB , the B M F u therefore 615 + 621 ■■ 

1 038 ToitB Fig S88 for the nno plate u aat | 
phnno aaid will ahn apply to the present ease 
of foe xuio plate m ano mphate; the oamobo S f 
prepa r e of foe imo xma m mution is less foaa ? 
tlfo solntum pressure of foe nno, so that positive 3 
ano mu lea\e foe platey and foe eleotao doable 3 
lajerhsafoeagnuidioafeedi tc foeanoulover a I. *n 
tl^ foe solntum mpotentiBl Fkg 8715 vrcmldt E " 41. 
aooordmgto foe abo^ represent foe ease of foe 5 
copper ^te ui ogppw solphate* foe osmobo ^ 
pressoieof foe oopper ions sn solnbon u gteeter Fig 3715 
foan foe aolatuin presmre of foe eopperi eo foot 
positive oopper unu are dnven on the ]^te and foa eleotno donblo 
Isyor haa foe ugn indicated^ 1 s foe oopper n above foe soliitum m 
potenbal Aa pconouly uidioated, hxnraver, there u still some 
doubt es to foe aeoanoy of these an^ P 1) detemunationa hy 
eapiUary deotrometera and dropping deotrodea 

208 SUr dne to Ihflhrenee in Goaeautxatioa in an 
Xleotnidyte, Ooneentration OeUa.— When two diffisient dao- 
troh tea or two solntuma of a salt of different oonoentnitums an in 
OQombAPl) iBQSiial^prodiioBdi fonudne to foa natntalpro- 
oeas of diSbsion which takes place 
Aooording to modsfm tfaeim foe moleenka of a snbsfcanoe in 
eolation are more or lees fine of eaoh otlher« azemoontinoalmotioiii 
and, in miny mpeot^ an nndar foe some oonditums as lha mda- 
oaleaol a gaa or vaponr In diltoto adotuiQa it is believed that the 
rdabon between pree san (oamobD)« volamey and absolnto tempeca- 
tareuidentaeol wifo the relation in foe ease of a gssi via P^ssET, 
foe valne of E depondum on the quantily of foo sahatsiioe (m or 
eolntioi^ tdran OansiaorB lor cxam^sy foe pnumNe-nmeeafe 
Forthumaasof gas at normal tempmton and pleasure foe 
Tolnnie(f)uSSL 8 SOoLom Bfoepreisisn(/’)i875 x 186 X 981 dynes 
per sq am « ana the abwdnte tempaiatim ( 2 ^ is 273 , sol^tatuig 
infoeabove'WBgBtjF as 8*26 x ifiC. 

Kow m foe ooae of an eleotid^yte foe moleoiilas an dissooiated 
into bhorged mu and the pnasnn is greato . taking dissoeia- 
tion to be oom^te lor a very dilute abfaitmi we may wnte 

p a wbde n u foe number of ions anaing from eabh molo- 

V 

aide 

OoDBider now an sleQfcn4}te oonsuting (say] of two solutiona of 
oiher mtnta of difiersnt oonoentrationa aepanted hy a porous 
diaphragm Diffusion tabes plaea from foo num to foe less oon- 
oentmtM solnUonB each urn canying its bhatga wxfo it^ and it h 

u Axns 85 
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clear that if the opposite ions travel Tnth diSerent velooifies then 
will be a P D established bot\tcen opposite sides of thediaphragm 
£«t A denote the area of tlie diaphta^ and consider a thmifnfCT 
dx, the osmotio pressures at opposite laces being P and P + dP 
rcroeohvely , the resultant ptcssore is AdP^ the number of ions 
within the space considered is ITAdz^ where is the total number 
of ions per o cm within the roaco, and force on each ion is 

therefore AdP/NAdx, ^ 

Again, if drbe the P D established as indicated above betneen 
opposite sides of the la} or the potential gradient is dVi^, and if 

she the charge on an ion the force exerted per ion is 

dx dx 

according to the kind of ion considered , thus we ha>e 


Total force on katiOD = 
Total force on anion = 


IdP^dV 
iYST dx* 
IdP 

Ndx dx 


Let II = vdoculy of the kation and v = velocity of the anion 
when dF/das IB unity, t e. when the eleotno force ^ 6,60 that 

tho vclooitiea under mtt/oree will ba u/e and v/e xespoetnely, 
hence for the y elooities nnaer the aboi e forces we have 

Velooily of kafaon = j 

Vdoo.fcyof«..oa = - eg) 


Now when a steady condition is reached under the combined 
nflnenoea referred to, the opposite ions must imgrate throi^h the 
diaphragm wi^ equal velocities, in n hioh case 


da?*** dx) eW da? dxj* 


dF = 


v~u 
V + tt 


1 

We 


dP 


The expresaon P = may be witten P ^ 

Jf IB the number of grammes in a gramme moleonl^ and as 

mass m 1 o o «= concentration = C, it may be expressed P = 

Pnrtber. as 2 ? = the number of ions pw 0.0 and n = the number 
per moleonle, A7» = the nnmber of moleoales per ac , 
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MT 

iwinj i f if m B aotaal nan of » auiglo moleonle, - ® “ P® 


00 


I Oand 




I e 


df- 


v-u m 
9 + « • 


-iJBT m 


IT 


XTdir 

inr 


Let Jf I and XT’s be tha number of ume per o e in the eoneentaitcd 
andwiiteidiitMXiSy integntiDg botveen these linats— 


Fi-r,« 


9 - tl 


9 + V 8 


m RT 


K i loir 


1 e 


_ 9 - W Jf Cfl, 

“7+i e.Oldxl iP 

*-Hr: >“ 

2%uisl&e£Xf jPo oraiep/Vemdifbencetnocmfieiiera^ 


Bxen.^ Telcing, for rample, dem- and centa-nfinnal BdniaonB 
of silver nitrate^ the temperaUite bang C * ve get 

£ S X ^ X S 28 X 10 > X 291 X logis 10 X 2 303 

a OM X l(r 0 ». muts « OOftSS % 61 t 


In ddnte solations the osmotic pressures ore pioportiQO^ to the 
ooDoeattatumS) so that if jPi and Pt dimote the osmotm pressures 
above ue may tmte 


^r-ji 
9 + W 


nr log. ^ 


Thu may be eactended to the oase of a metalf say silver. In a 
lolntuuof AglfO*, hereonfythefcationutDbecmndared, lorno 
snum erosMB the laycTt and v is zero » hence 



uhere u the osmobo pressure of the katimu m the snetal« i e 
the Boratioii pressure Ostvald and otkeca have ODnatnuted Oosu 
eentzatum ChUe consisting of similar eleeferodes in tiro diflhreut 
coMentationB of the same solnUon, e g tm silver plates, one m 
^ » tto AgKf^ solutions above , in tins esse vre have for 

BMP ttfiktMMiraXimedll^ 
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27= 




= hg.S. «21 ^ I~a 

11050 « + i 90)0 u-\v ^*0^ 

Szanplo. Tftking fcho concontratton coll referred to, mz too 
Biher plates tn the pro\jou4 folutions of sihcr nilntlo at 18^0 , 

g_ 8,-?8 ,x|y.X,2!)t X ^ y log,, 10 X 2303 

ss COl X 10' e m unili = OCOl loltk 

Nernsb nica*nred tho Ji M P axpGriinLnta% and obtained the 
re^nlt 055 \o1t 

209. Seeo&daiy Cellsor Accnmiilators.— Xhofollov- 
inf; oxpenmont mil illustrafo tliopnnciplo oftbosecoudarj^ 
coll. 

Exp. In Fig 372 A nnd K are two lead plaice immersed m 
dilute Bulpbuno aoid, P is a loltmolcr, and a balteiy w conneetea 

asslionn A oament is passed 

.... - anoafaiv fYlA 


Fig 372 


IKI WVll ii A VUIAIi»avC0 2>ww>»- 

I I through tho ^ oltamoter in the 

J ,.— , } I direction 4 to V olosinc 

PI, ■■! /***\ the key on tho left Thorcsnlt 

f. I V J »8 that Appears at 

■ k L " ' j ' -^1 thokathodoA andoxjgenat 

T ^ ^ I the anode -rf Thoox^gmat 

4 —— Ji eombtnea with tho snrfoee 
Kiff 372 fonning tho ^rk jiroTO 

“ pcroxido oi lead (PhOJ t tho 

hvdrogcn at A" mostly n&cs to tho rarfoco, so 

JnU mdieato about 2 \olls at lint, bat mil wadnally d^to 


thorn t^ith traces of tno monoxioo r- , 

bo in Uioir ■* formed*^ condition, w Pbat JT, rbOj 

Such an axnmgement is tem^ b secona^ 
a. aaII or iMsoiun!nlttbor t flnoda is calle 

jSVaS’nDi 
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cdl It dundd be parbeolailj obsened, bovever, that 
then IB no y iwnmnlaAiwn or stoiing of eleetncity, fma^ 
nentaUj, it m ogam the ttansfoimatuiin o£ deetrioal 
energy into the potesbol eneigy of Bepaxatod iona, te 
iwtft "ohrauoal potential energy", and wben the ceQ 
gnea a onnent the enogy tnnafovmabon la merely re* 
varaed 

In the preeedn^ it iraa mentioned that on the firat 
"diarge”&e plate Zremaaned more or leas m ita initial 
condition, and aa anch it doea not readily combine mth the 
aulpluon 8O4 to fnm FbSO^ at diaeharge Thu defeet ia 
eliminated % adoptmgthe “alternate” charge prooeaB 
introdooed by P/onM lElmeaxientufbtriipaa^fihroiigli 
the deebolyte m the dueotioii AtoK, mththereanlttl^ 
A IB perojjdiaed, it la then xereraed, in nbnih atep the 
OOTgenatZ focma PbOg there, rdule the hydrogm at A 
redneea the exiatn^ to poroua apDiigy leu Thia 
operation le aerraial times repeated, mth & final result 
that the last anode has a tinek coating of dark brovn lead 
pero\ide, while the last kathode is coated mainly rrith 
metallio lead of a grejiah coloni in a poroiiB spoi^ 
condition, which u readily aoted on by me SO4 onm^ 
diaeharge 

To obnate the tediona formation of the Plantfi plates 
Zaun coated the plates, pnor to ehaiging, with a paste of 
ted lead and anlpliiino acid, me adherenoe of the 

paste to the j^tea bemg aaaiated by a corenxg of paper , 
on charging me red lead on the kathode becomes gmcbly 
reduced to q^gy metal, while that on the anode becomes 
perondned. Later the 5 e 7 Ioa>Fofelmar plates were mtro* 
dneed, which, bemg conati acted m the fom ^ gii&, mora 
effeehvely aeeuted the paste Thna acoamnlatoxB follow 
m general two apemfie fypea— 0 the Flantd or natntally 
“formed” eeD, and (fiy the nnre or paated grid cell, 
trequontlj they axe of acompoaiteohuacm, haring Plante 
poatires and pasted negatarea, ainee pasted postbrea, par- 

tienhuty in central station Inttenes, are liable to duin- 

^ « 




dieiineaf elunges trhteh ooeor dnnng the dss- 
ehaigo end diarge o£ an aoomnnlator maj ne bnefly 
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snmmansed as follo^rs Consider a ohaiged storage cell 
of the Plante type the positive plate is coated, m we 
have seen, with PbOj, wlme the n^ative plate is coated 
with spongy metallic 

( 1 ) Ohenucal OhtMiges d/unng “ Dueharge ” — la dis- 
char^g hydrogen wiU appear at the positive plate and 
oxygen at the negative plate The hydrogen at the posi- 
tive combines with the peroxide there with the following 
results — 

PbO, + Hj = PbO + H;,0 ( 1 ) 

PbO + B^SO^ = PbSO^ + HgO (2) 

The oxygen at the negative aots on the lead according to 
the equations 

Pb -h 0 = PbO ( 8 ) 

PbO + H 3 SO 4 = PbS 04 + HjO (4) 


(2) Ohemtad Ghanges dm mg " Charge ” — In charging 
oxyg^ 18 liberated at the positive plate and hydrogen at 
the negative plate The oxygen at the positive combines 
with any oxiws tbeie, producing higher oxides, and par- 
ticulaily PbOg, thus 

PbO + 0 = PbOg (5) 

while the PbSQg is converted mto PbOg aceordmg to the 
equation 

PbS04 + 0 + HgO = PbOg + HgSO, (6) 

The hydrogen at the negative combines with the products 
there, reducing them to the metalhc state, thus — 

PbS04 + Hg = Pb + HgS04 (7) 

PbO + Hg = Pb -f HgO (8) 

It will be observed that the actions lepiesented by equo- 
tions (6) and (7) increase the density of the deohoyte, 
while those repiesented by (2) and (4) weaten it In 
modern aocumulatois the specific gravitj of the acid is a 
cood test of the condition of the cells when fully cliai^d 
Kp^fic giavity mnges from 1 205 to 1 215. and when 
discharged from 1 17 to 1 19 
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Tn tbe p&stsd typB ft ptdixnuiftzy chwinioiJ ftotaos takes 
place BB^owB — 

Pb^o^ + ai^so^ = + aa?bS04 + aH^^o. (9) 

BO that prior to oliazini^ both plates oostain the peroxide 
(PbOs) and the sd^ite (rt^ 4 }. On dhamngi the 
aebon at the poBxtxTB plate 'mil be as indioatM bj (6) 
above, vrhdst tiie aotum at tibe negative plate vnll be 
(7)above^aad 

PbOg + aHg=: Pb + SH^O - (10) 

ao fiiatk as before, the pondzve is coated vritfa PbOa and 
the negabvB 'mth mnfij metallio lead The diaonaiige 
eqnati^ are tiioae tuxeuy given 
Vtoqnea&j tiie prdinmiaiy treatment conauta m coat- 
ing the poabve]^tevrith tra red lead and aidphi^ amd 
paate, and the nemtive plate vnth a paste xnade of Ibe 
monoxide PbO Oiumrge), m vrluflli case the prdmunaiy 
achon at the latter plate la 

FbO + H^04 = FbS 04 + Bfi (11) 
The sAomiqr of an aocnimnlatar u given hy the expression 
■am Wattlumrs given oat at disohatae 

and in a general iray is of the order 05 to 78 per cent 


thm if a 6w has a oapooity fd 006 ampate-homa and the moxunnm 
dudharge c a nent^ as itatod ly 

the u 66 amperes it g L B 

inUheabletogmiliuQnETflnt ro'l a 1 n I a I o I 'a 

for llhonn Eaa general my r i P P 

the Bmpere-hoan given am 
vary tan 86 to 90 per oent of 
the ampne-hoari pat HI 
TheEhLF of a fitOy charg- 
ed ofioamidator la abimt 21 

\Qille,aiidBBthemtcniBlreBia- ir N W Tv W // 

taaoeiBveryiBullalBXgeenrw * ^ 

rent can ha obtained mm it ^ ^ 

Eg 878 dernots the ananga- Fig 373 

ment m a tnuteen plate oeil, — 

o nn a wfci n g of aix pontivea and aeven ne^vea In pnetuw the 
platea an \eiy near eadh other, internal oontaot bemg prevented 


A 
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In moat cases an acoumnlator shonld bo regarded as "dis 
ehaiged" iriicn its Eld F has fallen to about 1*85 volts and 
tlie spooifio gravity to about 1 IS , if worked ^low this an in 
soluble lead sulphate is formed which ruins the coll Farther, 
an aoonmulator should ne\or bo short^irouited, for an excesaiie 
discharge ourrent will flow, resulting in snlphabng, disintogration 
of aobre material, and bnokbng of the plates 


The very many practical applications of accumulators 
cannot be leferrra to here, bneflj their advantages and 
disadvantages as compared with prmuuj cells are 

(a) Advantages — (1) They have a high EhlF. and 
low resistance, and can tiierefora supply huge currents, 
(2) when "run down” they con be lechotged, (8) th^ 
can be used for bghtmg, traction, etc , where primoiy celu 
orenselesB 


(b) Disadvantages — (1) Them initial cost is 

(2) they 



Fig 374 


high; 
reqmro 
cii^ul 'oUenbon 
to maintain them 
in good condition, 
(8) their efficienoy 
IS only low, (4) 
their weight ren- 
ders them not veiy 
portable for laho- 
ratoiy pniposes , 
(5) unless cats bo 
exercised they are 
subject to sulph- 
ating, dismtc^- 
tion, bucL'lingi and 
short-circuiting 
Fig. 874 depicts 


a portion of a typical (negative) grid for a modem nc- 

aeenmvlatvr the plates are steel grids 
(motel-plated), the positive grids carrjing eltcmato 
kvers of metallic niekol and nictel lijdrato, and the nega- 
tiTO ends oxide of iron; the electrolyte w a mlulion of 
b* * ' the E hi F 18 about 1 3 volts. 
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Em-dflea SIT. 

BeoUoa JSl 

(1) Devvkp enranoDB for n/u and (v + a)| diete v andware 
tiw TotontiM of tne aouma and kafaona taapaobraly in an daotxo- 
lytiQ aolatuni 

09 Wnte a diort essay on tJie ohemioat and oontaet tbeonaa of 
wenm^oeQ 

(8) Develon the Gibln-Hdinliolts equation for the E M V of a 
leveiBible eelL 

n^(d^Pdonhe fhe oonabmobon and aotian of the cajalla^ deobo* 

ffi) Develop eaprasaioiu for the B M F due to diffimnee m eon^ 
oentxatum m an eleelsblyte and for ttie E M F of a ooneentEetian 


Beottoa B 

(1) Explain the tern ** eleotmheimcHil equivalent “ Xf S am^ 
p ggMi o e^t 4 erammea of ailver in SO mumtea, what la the 
eieetroobemioal equivalent of silver^ (B E ) 

W D 10^000 kdoooiiloitthB are passed throiwh oella ■.m^f iga d in 
^ OoBO^ltjSQ,. 

si niu^ copper, ueniuK ^di“' — 

(uly and 


— UtWiU, 

soda ean be obtained ! 


j, and 

tide of London ) 


. ^ Diva M aooonnt of the diemioal ohanges dudh oc cur u a 

IflBBfliB Ailll nnBtOeJV SaleAaijeiM mw^Jt VI a 

(O JS| 


.w 


Beonoa o. 


J-lZi-u wmiiwlfcacy umny ox uie CapUiaxv ___ 

*ta appIie*tKm to the measorenient df 
oinerenoe betmen a eolation and racnnixy 


r and 

tba jDotentia] 

— ^ — <«w«wMWA aewawiaaj^ (BE HiOiu) 

in^nirSw.!? ??“”* wwtt theory of deotno oondnotion 

uenoMytes, ^ ^oa w^a difoenoe m potential aboold in 
Ssaenl be expeoted when diffimon of a aalt tahea pkoe. 

(B E Hons ) 

t*®*«ter, where it deponte 0 8 gianune of copper in So 





CHAPTER XV. 


TECBBMO-ELECTBICITT 

310. Beabeidc Efliaot. Therau-ElaefenoOiurents. — 
Fig 875 lepresents meces of cwper and uon mre joined 
togisliher at their en^ A and JB, and 0 u a low reautance 
nurtor galnmoinetei inoloded m the cucmt If both 
juushons be imtudlj at 0" 0 , ond the junction B be then 
ipndnally heated, a cnirent win flow m the euemt in the 
oiteebon indioai^ m. copper to iron throogh the hoi 
jonetioii, and uon to copper 
thiongh the cold junction luiis 
omxent will inciease in etrength a 
until the hot junolaon u at a t^- 
pmatme of about S70°O (difEe* 
tent for difierent specuneiui of seebeck 

mn and copper), at which stage 8T8 

the maximnm ounent will be flow- 
ing If heating be contmued the ennent will decream in 
stiength, and wdl be sero when the hot junction ia at 
540^0 On heating stall further the junction B, the 
eurtent wdl increase agam, but it wtZZ 5a nsaned i» dtree- 
tim, le it will flow from iron to copper through the 
junchon B, and from ct^per to iron thrush the junction 
d Cnmnta produced in thia way by hemng junctions 
of diSenmt metals are known as tKermo-eZeetrM currsatE, 
and were discoveied by Seebeck in 1821 The pheno- 
menon of mvenion of we E M F was diacorered later by 
Cumnmu' 

If both junctions of the copper-iron eonple be initially 
atl(P0 (say) ineteod of at O^C, there will again be maxi- 
mum current when the hot junction is at 270° 0, but 

109 


COPPER 
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there xnll be zero curreut and reversal in tins case when 
the hot junction is at 530 ^ C The temperainre of ihe hot 
Junction at lohich maximum current JIo/wb is a constant for a 
given couple, and ts Inown as ihe neutral temperature for 
that couple The temperature of tlio hot junction at which 
there is zero current and mersal is a vanablo one, being 
always as much above the neutral temperature as the cold 
junction 18 below it , thus, if the cold junction be at 7 ° 0 
and the neutral temperature he 0 ^ Of there will be inver- 
sion of current when the hot junction is at a temperature 
{d+ (0 — 2^}*C 

Jjet ihe two junctions of a couple he at 0 tntitatty, 
and then Ut one of them he raised in temperature by a very 
smaU amount dT, tf dS he (he corresiiondtn$r smoZZ SMF 

generated, the ratio ■— is hnown as ihe ThermoSleetrte 


Power of ffie two metah at ihe temperature T If one 
junction, of u conplo bo ot 2*1** 0 smd tho othor &t 2^* 0 1 
then, provided that one of these is not above and the other 
hdow (he neutral temperature B, the total E M P is given 
by the product of the thenno-electnc power at ihe mean 
tempenrture 4 (2\ + 2*,) and the diffarance in teznperataro 
(2* — 2*) If T, he Idow and T, above the neutral tem- 
^rature the actual BMP in the circmt is found 

thus — ^ a 

IhtalBMP. s= (BMP with jnnctiona at 2' and ^ 

— (E.M.P. with jnncfaons at B and 2;) 

2!hese pointa will he more clearly grasped af^ further 


In the alio\e copper and iron ore chosen sm^ly because the 
counle they form is a convenient one for expenmcntal P“jy<w“f 
to* ray^er pair of metals wiD indicate MjniJar re^ts, tte 
immnnrn toinB of coarse diiftrent It mey he noted here that 
fwr are »ery small , thus with a w^r-iren couple wiHi 

jS?,S,S^fb*TCYoO»0 tiaEMF 


all B*penaental laws — simple 
laws ertahhshed by experiment The low ^ sueewnne 
I^^neraiures states that, for a given couple, the electo- 
force foTauy specified range of tempeiaturo is the 
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snm of fhe cUflohomotm forces for any number of smoea- 
Bire steps into irbidli tbs giTan range temperature may 
bedinded That is, 



< + < + 



im auoceaaiTe temperate . 

belmeii <1 aaid 

The Um meassm eoHftcefe states that if » at a giroa 
tempemtozef aniimber of metals are m BuooessiTe contact 
BO as to &im a Cham of etemeats cmmeGted m seneat Hie 
dectromotiTB force betmm the extaieme dementSi if phused 
m direct contacb, u the sum of the etectixisiotnrB fozoes 
hetmeen socoesBiTe adjacent elmnenta That iSt for metals 
Bp 0, D IT m auocessire contact 


K=K+K+K+ K 

provided all fls ^mehunu m the series are at the M-ma 
temperatnie Tlw law endentily states that forgiven fixed 
junehon temperatnies. if JES, JES. £«”, ete, denote the 
wetromotiTe forces for cmmtB with the mafaJa A mA p 
B and 0, 0 and J), etc, then the deotxomotiTe force for 
metal A and If is given bj 

^=sr+jsj+^+....^ 


““hilsway be soldeted or a t, ^ 

Bs in ng 875 wdihont interiming with the restdt 


^ nmu to UMin +12 and - 2o eiiemotti rtneettvds at 

A Bwtal A M Bud to bo poabTo to ? m 2 

aw mo-wite nt gyw fro m A t o g through the mM loaotion* la 
»se»«plo tiinmo eleotno pomr ^inm .* mo 

ft* E 3f.R if a e.jRper.mm co<q>'« mtk jSSTO IfiSc 
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I' 


■ COPVER 



Ifl* moN 


paTiEB 
Fjg 876 


In this example the thermo olcotno poiter for copper and iron 
at KXf 0 18 7 microvolts, nml the S M F %/ith jonotions at 60* 0 
and 160*0 is 7 x (150 - 60) s 700 miorcAolts 

X 212. Peltier Effect.— Fig 876 again depicts a coppei- 
^V^iion couple, but with a battexy included in (he cxnmit 
Expenment ehowe that with current passing in (he direc- 
tion indicated heat is alsorhed at the junction S and 

geneiatei at the junction 
ii, and hj comparing Figs 
875 and 876 it mil be seen 
that that particular junc- 
tion 18 coded which must 
be heated in order to give 
a thermo cuiicnt m the 
same directiou as the bat- 
tery current, thus in Fig 376 the junction B would have 
to be heated in order to give a thermo ouirent in the 
direction of the arrows, and when the Imtteiy gives a 
current in this direction the junction B is cooled This 
discoveiy was made by Peltier in 1834, and it is Imown as 
the Pdtier Effect It follows directly from this that 
when a thermo-eleGtoo current flows m a ciicuit such as 
Fxg 875 heat will be absorbed at the hot jtinohon and 
liberated at the cold junction 
The explanation of the Peltier Effect hes in the fact 
that contact of dissimilar substances gives rise to potential 
differences When iron touches copper theie is a contact 
P2), the iron being above the copper , thus at B (F:® 376) 
the current traverses a junction where theie is an up- 
gmdient of potential, so that it gams energy which is 
absorbed as Wt and a cooling effect results , at ^ the 
current traverses a junction in the direction of the down- 
gradient of potential, so that it gives out aneiOT and a 
heating effect lesults The energy absorbed or evolved aia 
itmctton ndhen the uhd em cwnent flom for one second, 
le vikm the umt em guaniity passes, tneasitres what is 
termed the Pelber Coeffloieat, this coefficie^ m not a 
constant, but depends upon the temperature of the junc- 
tion 
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If n be the Felfaer Ooeffieieii.t at a janotioo, fhea the 
wexgj absorbed or eivdved wliea a ooneat I e m umta 
flows for t aecoods is Ilf/ ergs, but ttos eaem is also 
eqiud to JBfl ergs, £ is tiie potential dxffiBrenea at 
t& juscbon m em units, thus fits Psifcer eo^^snf %s 
wmeneally egud io ike petenkal irffmemce at fts jwtofioa 
mam 


In pnstice the Fdtur Efibob u masked by Uie Jonle Hesbng 
battiieexisteDQe of the Ptitrar Efibot maybe bhown and iihe 
laliie of the coeflEbient debermined by an enenment of the follow- 
ms I«b (say) a ooj^per-iron innotaon m immersed m water, 
m leba onnssib Z pan nr t eeoaods m tlm diteotmn iron to oo|i|Mr 2 
if Si be^the heat peodnoed and / iba meobamoal eqmTnleato! 




U ZTt^ the beat prodnoediiiwa the same onrEenb tsuees for the 
same tnue in the oppouto dueotum, 

/Bf s XlfZ 

Peltier Effoot u a heating efibotm the first esse and a nftnlMM f 
eiMfiiitheasoimdeaae By enbtxaotion 

So 


818. Humuoii Sfbot'— It bu iMon indicated 
when a Ibenno^flotrio aonent pacns m a ooople cucuit 
hs^ u abmbed at the Lot juiotum and endvnd at tin 
cold jxuicUau, and tbia bcbiiim to indicsto ton aomsa of 
in a ihanno-eileotno oonplo-^ beat absorbed at 
ttobot jmotMainaTbegPBatar than fiiat erohed at the 
wd ]imoho]^ and the difEarence between toe two hut be 
^ aoim of energy to wbidi the cnnent in toe (nrauit le 
fimher mTeahgation, howerer, indicatea that tom 
■wtoniont wqniroB aome modificatum and «»*«.«>«. 

toecneboaL oonsideiratioim Sir tTIDiaiin Thomaon 
^ led to aasome that toe Peltier Efieot is aero -whan the 
tomn^deetno power 18 aero Nowif toetemperatnreof 
a jTOotion la at^ zmatral point for the ooi^J^m at 

ftiiSS ««" ». a- be bettor S 

5™*! and toetefore there ia no Pdfaer 
l^aehon la toe hot innchon, then 
^nuet with a diffi^l^ m explaanii^ where the energy of 
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the currant la denred from , for if the Peltier Effect at the 
hot junction u zero no heat te dbeorbed there, and at the 
cold lunotion heat ts fftven oat, hence beat must be ab- 
sorbed m a thermo-electnc circuit at other pomts than at 
the junctions This result vros first points out Sir 
Wilbam Thomson, and he showed that heat mist he oi- 
eorbed m one or both of the vmes m virtae of the difference 
of temperature between the ends, or that heat may be 
absorbed in one mre and generated t» the other, but that 
the quanti^ of heat absorbed in the couple circuit must 
on the whole be greater than that given out This effect— 
^e absorption or evolution of heat due to the flow of a 
current in an unequallj heated conductor — ^is known as 
the Tliomsou Effieot> and an explanation similar to that 
for the Peltier Effect maj' be ^ven 
In an unequollj heated conductor different parts are at 
different potenti^ In the case of copper the hotter 
parts aie at a highei potential than the colder parts , hence 
if a ouirant passes as indicated along the copper wire of 


f' HEAT 
lABSORBEO 

hcat'\ 

EVOLVED 1 
B .N 1 


fcr 


HEAT^ Y s., 

EVOLVED (ABSORBED 

I Ib 


Q>G 


COPPER 

W 


Pig 377 


100 c 

IRON 

(f>) 


0*0 


Pie 877 (a) heat will ha absorbed in the part ^ md 
evolved in the part BO , on the whole the Joule Heatmg 
TiHfflftt will predominate, but if two points and Jv equi- 
distant from B be sheeted, N will be at a higher tempe^ 
tuto than Jf owing to the effect we are conmd^g in 
the case of non the colder parts are at the Poto- 

tial hence if a ouirent passes as indiw^ 
wire of Pig (fi) evolved in the part JB 

m ^sorted vjen a cui^t flow 
from “ cold ” to m copper, and heat ifl evolvei when 
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the cfxneat flows from hotfoot Heat u sooZired - wIibil a 
eorrant flows oold to hot m iron, and heat u absotied 
when the oarreoat flows from hot to cold 
The ThoDUMnx EffeMxt m 8ilvei> snnc» an^o&y, ai^ 
wtTiim lesemhleB that in oopperp and la said to he pomtivB , 
Usmothp oohdtk plaiinxiint and nioM resemble izmip and 
the Thomson Elmct xn them la said to be negafave Li 
lead the ThomBon ESeot u probably ntl 
]n any conductor ocauider two pomtsTeij dose together 
at temperatores Taiid2'*|* dZl The dtjffsrsiioei^f fMrfenItaZ 
between the two pomts may be express^ as oidx, and the 
energy ohiorted (or evDlm) yikSa a oonent I flows for 
a fame i » BadTt where o- may be called the Thomaon 
Ooeflteient; from the fiisb expresnon we may say that 
fhe Thanum Ooefieietii %$ ntmertcaUg mol to fne difference 
^poZentidper fZegree Ckatipiwdsi and nom fheseo^^ 
it 18 munei i 0 a% ssiiaZ to the energy eibsoehed or eaoZivAfper 
unid guanMy per aegree Oenhgrade 

The ooefiSflunt ^is nob a oombBat^ but n finuit«m of the tempera- 
tore It hM \nea, oallad the spemflo heat of eleobninlyp the 
term beiiig deriTed from the following analogy* Imogina AO m 
P|g 877 (tB to rMgw c nt a copper tabe Seated in the same way as the 
hirp and that aliqind flows tbrong^ the toba nnder the ocmditum 
that ittabeatna temparatnte at eSoh pamt of tiie tidw aa it fiowa 
alopg Under thu condition of flow ib le endenb that tito bq[md 
wiUatoorb heat in flowing from d to Jfl and gmoabhmt from JB 
to €( Aleo^ if 8 denote the qpemflo heat of the li^md, the heat 
aheothed or evohed ly unit mass m passinff frmn one pmt to 
anoQier tfanms^ a difiTerenee of temperatore dT u e . dT*. That Up 
the thermal oSbet» when a oonent flosa idong a oondnotor for 
whMih the ThmaBoa JBflbot u poettavep is omdogona to thu onie of 
brad flow ahme a tubog ana r the ooeffimm of the Thonuon 
flneot oorre^oiiu to s the ipeaiflo heat of the bqnsd For matoig 
in which the Thomeon Eueot isjpontiTe e* ic poubve. and for 
meteli with a ne|^\e TTiomaon Enbot v le negabve TT nWj in 
the former cinw of metals the apeenflo heat of deotnoily m eaid 
to be poeitivop and in the latter clen it fa aud to be n^tiie. 
Tlut », ID the posttne obun eleotrunly u anppoeed to behave like 
a real liquid in the absorption and eiolntion of heat^ bob in the 
negabie olaw it behaves like a hjpothetteal liqntd ahieh abmto 
hcatinooohngand gives ont heat in heating 

To daternnne energy absorbed by vnd guanOOv of 
deoinfflty in pasrii^ along a eondmtor nwoi apoint where 

U AHD B. 86 
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the temperature is 2\ to one where the temperature is T, 
it IS endent tlmt, since o* is not a constant but vanes with 
the tempeiatuie, the difference of temperature T^ — Ty 
must be divided into infinitely small steps eaifii denoted 
by dT, tiien the enet]gy gained ateach st^ is or dT, where 

tr has its proper value for each step and I * <rdT is the 

J^i 

energy gamed by unit quantity of eleotncity m passiiig 
from a pomt at temperature Ty to one at temperate Z. 




The cunent passes from cold to hot along the copper, and 
flierefoie enei^ is absorbed os heat (Thomson) , m travers- 
mg t^ junohon S there is a further absorption of energy 
as heat (Peltier) , in passmg along the iron &om hot to cold 
there is again on absoiptlon of oneigy as heat (Thomson), 
m traversing the junction A heat is evolved (Felber) On 
the whole more beat is absorbed than evolved and the differ* 
ence is die source of energy to whuh the cunent is due 

214h The Electromotive Force in a Kbeimo-Eleotao 
Circuit. — ^By considenngthe eneigy absorbed and evolved 
in a thermo-elcctno circuit it le possible to find 
pression for the electromotive force in the oircmt Tato 
the cose of a ciromt with junctions at temperature end 
Ta, the latter temperature being the higher Bet <ind 
EL denote the Pelber coefficients at Ty and T*. imd oi ^ 
«r the Thomson coefficients for the metals A and P of we 
oirowt Then, assnmmg the cunent to pass from ^to Jf 
at fhe hot juncbon, the eneigy gamed hy umt gmmuig oi 
eleotncity in passmg round the circuit le 

IIj for the Pdfaer Bffbct at the juncbon at tempera- 
ture Tj, 

— Ill for the Pelber Effect at the juncbon at tempera* 
bite Zi, 

f **ir*dl’ for the Thomson Effect m metal A, 

Jy, 

_ ir,dZ' for the Thomson Effect m metal B. 
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H011OS ihe tobil gBin fin: tibe complete (nieoit is 

and Bince tins total mnat he nnmericwlly eqnal to Ilia total 
dactranotiTe {one m Ilia exmob ire 

fssU^— + I *( 0 ^ — *r»)dr •••• (1) 

TS ire a ouoiiit inth jnsobons at tereperatoiea 

T and T + dTt where iT la umutely small, fine result 
u more expresaed. for the Ba&er ooeflSbenta are 

n and n + where dU is the meEcaneni or dxfieirance 
in n (XKrreapondinff to the difference in temperatnre dT^ 
and o-A and itb are tie values of theae ooeffimenta for the 
tanperatme 97 EDmoe the four ggms of enCKgy gnen 
ahoie are respeotordy n + dU. — ^ ^^dTf and — 0*8^97, 
and we therefore have for dS the infinitely small electro* 
motire foree in the enonit 

dB = dU -I- (o*A — o'^)dT * • .. (2) 

216. grelminaty Uoae cm the Xhenno-SSeotxie Bla* 
gxaan ^Tha Btndeat wiU more reachly gmsp the detulaof anooeed- 
iqg aoobcma if one or two prelumnaiy statmenla be made at ihu 
atil^ on the Hameleefiw dtapitun; these statementB will be 
pmed later 



In the diagram dbtebite Uaperotmea ate taken os ahseiane and 
themodeeinc powen aa ordmateiL and lead btaken os the hm 
Ime nnee the Thomm EfTeet m lead u nd| the thennodeotno 
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po\rer lines are straight lines and Fig 378 gives the diogram for 
copper, iron, and lead The figure is not dmini to scale 
In Fig 378 TiA = the thermo clectcio power for lead and copper 
atabsomto temperaturo Tx and TiD » the thermo olcotnopowerfor 
lead and iron at the same temperature T\ , hence AD the thermo 
eleotno pon or for copper and iron atabsomto tcmpemtuie Tx* &mi- 
lar^ BO = the thermo eleotno power for copper and iron at 2 ^ 2 , at 
To ( 27 (F 0 ) the thermo eleotno pon cr for copper and iron is nu 
Ctonsidor now a copper iron couple with innctions at T\(0^G land 
( 20 (r 0 ) , a thermo eleotno onrrent wul be flowing u the diree 
bon copper to iron throngh the hot jnnetion On the diagram the 
total £ M F under these conditions is repr esente d by theareaof tiie 
trapezmm ABGDkdA as this area ss x FQ being thethciv 

mo oleotnc power at 100*0 and ?\T 2 beingth 6 djfferenceintempez«o 
turo of the jnnotions, we have the foot prenonsly given, nzi— 

Tkt ioUd EM F IS given by the of the (htrmo^edne 

power at Bit mean temp&xUtire ^ the jfuic/tons and /%€ d^erence tn 
temperainrt of Me junctions 

The onrrent passes along the copper from cold to hot (Ti to Tt) 


and energy is absorbed On the diagram this Thomson Kfieot (eneiOT 
absorbea per nnit quantity) is represented by the area oABb, and 
as this IS given by ab x Ot « (Oh - Oa] X OT we have the rule— 
The T^ouwon Effca tn the copper ts giten by the product <f Me 
mean ohsoftife temperature {OT) and the dtffereau bduxen we 
Memo e/eefne powers {copper4fXid eonpte) at the temperaiurea qr 
thejunetwne (Oo - Oa =s - TfA) 

The onrrent passes from ooppor to iron through the hot junction 
and energy is aosorheef On bie diagram this Fmtier 
absorbed per unit quanti^) is represented by the area hBOCt and 
ns this 18 given by jK 7 x 6ir = 50 x OTs, wo have the rule- 
27l« Pditer Ej^ at the hotjumlum tt given by the prodtiel of jj< 
thermo rfec/nc pmoer of copper and ii on at this temperoture and the 
aheoftas rempenr/ure. 

The current passes along the iron from hot to cold (T^ l®^i' 
in this case energy is again oheorhec^ Oa the diagmin tfiisThomOT 
Efieot 18 represented by the area cODd, and the rule for its oalon 
bon IB similar to that given aboie for the copper 
The current passes Sim iron to copper through the cold jun^ 
and energy « evolved On the diagram this POlti^ Effect is 
“ratS^the area oADd, and thi mle for its oaloalabon » similat 

to that given for the hot junetion 

Cf«ir& die total energy aheoriedper umt quantity is repreeattedOy 

aABb + bBOe + eODd - oADd «= ABCDy 
and Mis, asprcMOiisfg iiwftcaecd, 
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iB i c p ga ae ntedlay Uieam il{7J)iRintt8 theamJBO'F (theoapper 
line u now above the inm line) and u therefion lea (Aii. 210) I£ 
TsbeMOT G the two oreuiiO^ZI and fO'J’ will be equals and the 
EMF wiUbexen^Art 210) Ifthehofa ^ottonbe above SKT C 
(odld pmebon itiQ €r G )tiie teeidtant area wdl appear on the n£^t 
o! the di^irom, i € tiie EJULF. wiH now be reienw lAA 210) 

Zh the BeotMiiia whioh follow the faota nure^ ftated here ww be 
proud 


21^ Apj^oatioxL of Tlisniio-]^aaBics.---*I£ iSis 
panndplea cl thenao-dynaToics be applied to a thenno- 
dflotno eizouit oeveral xmportazitxielat^^ maj be dedneed. 
ba onch a eircDit tiie (qperatums axe leveenble if we nq^ect 
the Joole Heatmg EfEaot m the condiictors, and when tbe 
elecboittofive fotoe m the oiranit u inJBiutely gmall the 

ntimmifc la TnAwnl^lvr mmaII 


QUnent U uuumwjr onu merenm UUdOlUfl ngewnrig 

ESect^ beangjQnnm^^ to the oqnare of the eaDczentTu 
negligible Tne raber and Thomson ESeots being dueoflj 
importumal to the corrait ate leretBiblB in the thenno* 
ajnanuc Bense Hmioep m the thenno-dectnc cne ait 
214)a with. 3 iiDfltEonB at ohoMe tenaper a t n ies T 
T + AT, muse qnaadatieB of energy II + dH, — n, (rAdr, 
Bnd--cradTaie abaorbed at tempeiatiizeB T + AT, T, T, 
and Tt it followa thermo-djiiaiaicaJly th a t 


or 


‘*n-^dr+ (ir.~(r,)drs5 0. 

n 


•• («■! - Od2’= ~dr~ dn . . . (2) 

?!* ^ expreasuHi girea in 

Art 214foir^.TOdB«dn+(«.,f:^,^get“ 

... .m 

••• • . (4) 

Thiw Tda^ indicates the only pcaetilealile metliod of 
“«an»nng H, it neons that for any two sabsianoes the 


iS = ^T 


n = 25£ 

dT 
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l^dtier Coefficient at my temperature is givenhyikeprodnU 
of {he (hemo^elecirtc power ai th(d temperaturp and the 
ahdlnie temperature {Alt 215} 

From (2) if> follows that if for metal A the Talne of o- be 
zero (lead), then 


This imlii expresses the coefficient of tlie Thomson 
Effect at temperature T for the metal S m terms of the 
Peltier Cioefficient for P and a metal in which the Thomson 
Effect is zero. 


Again, fiom (2)— 

(r^ — tr 


n 

T dT 


and, hf differentiatmg, 


Hence 


n=!p£ 

dT 

dH 5^ , dff 
dT~ dT'^dT 




ffx-ITt-- 


dP 


Tliat is, if A is a metal for which <r is zero, 


dP 


and if iE/dl he denoted hy y, 
<r, 


-2!^ 
~ dT 


: ir^dT = T 


( 6 ) 

(?) 

( 8 ) 

( 8 ) 


This mdicates that fhe Thomm Bfed m o ^ witt 
ends at iemperaiures T and T + dT\$ given hy^ewduei 
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T, and SP, teBpeofaTdy, the ThnanHOB Effect » given hj 

PvrfKr irowrtiBdujTOinArbZWiaiiitliheonmso^ 

&ea Iw laotting iBnaporatoies as atoaae and total 
jB IT E’eaaa^Mtes axe paxalMlhe, 

aentedlyaineqnataonoE the form II=:aT + bT jht^ 

SBI3T = « = a + aw, and vra mayjmte T = d + By 
Let ss ih6niu)^lfiQAnii power at 2\ and « tharnio- 
diBBlzio power aA theii!^ 

j'*<r^r = jjswy = j^*Cd + By)dy 

=[1,h-4]: 

- Mst -yd + “■ y *) 

= (y.-Si)(^+ |•(yt+yl)j 
*= (St—yd + ■®yi + -^ + ^ji) 


g 00) 

Thna fka Thoauon Effect tn a inda2 m& jundimB at 2| 
and 7, w j^wn by tte praduel iff Om differenec iff the 
Uurmo-deetne pouere at fke eade and the mean dmelute 
ieayferahm (Art 215) Bemember tbaft the aecondmotal 
for fha oonplB ia one m vrliioh o* is amo. 


217. a9uxina.Sleotao CSnrves^— If one junetion of a 

n le enth fhe metala A and J9 be at (P 0 and Uio 
F m (be enemt be meaatned, \ij metbods to bo 
deacnbed later, vben (be olber junction » a^uated to a 
number of (mown aucceasiTe temperaturee it vnll bo 
posnble to ffbalb a onm abowing the xdaldoii betmea 
tile total ^oteomofiTe foeoe la the cob]^ the 
diffeceaee of the teapeeatoxos at the jnaetioaa. 
The form of (bu eorre in practicany all caaea ia tVf r 
Bbonn m Fig 879, and it ia fonnd to approximato voiy 
doadj to a panbola with its ass ponllS to the axis of 
decfxomotive force 
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The curve OAB lu the figure indicatca that with one 
junction nt OP 0 the clccltoraotivo force m the cueuit 
increases as the temporaturo of the other junction » 
raised from O** 0 to 200^ 0 , and tlicnco decreases till ib 
temperature is 400° C , wlicio tho electromotive force is 
reversed In normal cases it goes on increasmg m the 
reversed direction indofimteljr, the cuno bojond B bemg a 
geometrical continuation of tlio parabohe sclent OAB 

If, vnth this couple, 
the junction of con- 
stant temperature 
be maintained at 
100° 0 instead of 
0°C, then the curve 
of electromotive 
force IS obtamed 
from OAB simply 
by changing the 
ongm 0 to O' and 
faking instead 
of OB as the axis 
of temperature 
This 18 evidentljm 
accordance with the 
law of successive 
for 



~io6 n m 300 
Ttmpemtun 
P»ff 373 


the relation B s= + B is 
0 0 100 


m 


tlie figure by tbe geomotncal rolation na = nrl + n% 
where tm» represents «»' =s b'", and «'a = 

So far we have considered the cise of a couple made 
witli the metals A and B, and OAB in Pig 879 
curve for the couple If now, m the same waj, we obtom 
tho curves for other couples made with the metals A ana b, 
A and B, A and B, and so on, we shall have a sot of 
curves similar to the three shown m Pig 380, the c^ 

OiSbMUgforthemetalB-iand J?. for ^ metals 

A and 0, Md OAB for the metals A and J? The emo 
is drawn with its ordmates negative to indicate tnot 
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to the metals ^ BudD the toedaim of «» 
BTOaconditMm8,MOppomtetotihatiii^^,B and ArU 
emnits usdm the BBme eondituwm K» for examw. the 

B oonflnctor m the ^ B couple be rephused by the I? 

duotor the diieetioa of the ooxiout m the <n^t m 

nTOTBOd WhODL liho COIWIlt pOiSSOS Ul 1™ 8tB3QUBir0.1IICwUf 



A, h(m Qold to lioti fhe dneotioa of the earreat is to Iw 
talcen as j^tive 

Prom vieae curves hj amlmatum of the l&vr of soccess- 
81 TB eontoets the corns to a P, C, a or a G. 2> 
couple may be obtained By tbs lav m have Ea9 

or =: Inthe^urejEr^uiepresente^ 

range of temperatuie represented OT^ by Sb» P* to the 
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Eume range of temperature Tb, and therefore JS^for this 

range he That is, the differences of the ordinates of the 
ourres OAB and OAO give the ordinates of the carve for the 
couple B, 0 This curve is shoivn by the dotted line OBO 
in the figure Similarly we have tliat u. 

Eg IS r^resented by 2Vi — Sb = — (dT + 2fc) = — dc , 
that 18 , the algebraic differences of the ordinates of the 
carves OAO and OAB give the ordinates for the curve 
for the couple C, B This curve is shown by the dotted 

Ime OOB, and the dotted curve OBB for the couple B, B 
IS obtomed in the same way 
From the symmetiy of these carves it will be endent 
the neutral pomt, or tenmeratuie of monmum dectro- 
motzve force represented by the abscissa of the pomt A, in 
curve 16 a constant temperature equal to the arith- 
wiAtan memi of the temperatures of the two junchons at 
leversal Also, the t^perature of reversal, given by the 
pomt where the curve outs the axis of temperature, is 
variable and evidently depends upon the temperature of 
the lower junction, wmch, as shown m Fig 379, fixes the 
position of the origin of tiie axes of temperatuie and 
deotromotive force The reversal temperature is as much 
above the neutral pomt as the cold junction is below it 
(Art 210) 


218. Thermo-Bleotmc Power lanes.— If for eaoh 
of the preceding parabolic carves a diffeiential ouive be 
drawn (by any graphic method) showmg the relatioa 
between the thermo-eleotnc power, AEldT, and mo 
temperature T for eaoh couple, it wiH be found that 
this curve is practically a straight Ime For example it 
for eaoh degrM of temperature the differeiux of elre^ 
motive force be plotted as the approximate value otaEfiU 
at the middle of the degree, it wdl be found t^ the curve 
obtamed approximates veiy do^y to a ^igh* hao - 
In Fiff. 881 iofc OAB be the dectromotive force curve for 
art A B couple Then between the pomts a, h 
AB IS represented Iw eh and dSP by oc, and dEfdT tilers’ 



\85 




186 


THSSVO-ZLECTBICrTT 


one represented by OQ, the electromobre force set up m 
the couple will be represented the area 
If the temperatures of the junctions of the couple he 
represented by OP and OQ', then the electromotiTe force 
m the circuit 16 , ^before, represented 1^ the area bounded 
In’ QY, LNil, and the ans of temperature , buf^ of 
this area, PNp to the left of 19^ is positare and Q'W to 
the right of is negatiTe, therefore we electromohre force 
is represented by the difference between the two areas 



PZfo and O'!?!/. Hence, if these two areas were equal, 
that laiiN were midway between P and O', the efectro- 
mobve force would be zero Tbatie, ■when the temperature 
of the nentrsl point represented by fW is ihe anthmetio 
mean of the temperatures of the junctioiis represent^by 
OP and 00' the point of rerersal is reached when 
PSp 18 the greater area the dectromotire force is posihre, 
and when it is tto smaller area the deotromotiTe force is 
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ui,Ciuidt1i0ji,jDcoa^ The pomtB J!7i, 27g, JV'si vliere 
these linee ones the luas of temcpetsAure, ate the neattal 
pmats for f^e conples 

The deetramoixTe force for an jIi 0 oomls for jnncboii 
tempmtnxea represented bj OP and OfS n xeipieBented 
\)j w area Pv^t and the eleefaromotiTe force for ihe 
A, B couple for w aams jancbon teinpeiutnies la xepre- 
seialed bj- PQsr theiefoie, hj the law of aacoeasiTe con* 



tacts, the deotromotne force m the B, 0 conple u 
represented 1^ the area ngp. It follows feenn IluB that 
the differences of corresponaing ordinates of the il, C line 
and the A, B line rare the ordwtesfor Ihethermo-deetrio 
power line of the S, 0 couple (Art S15). 

Simtlarlj, from the diffoences of the ordinates of the 
luics AB, AC, and AJD the oriSmtes of the fhermo-eleo^ 
macr lines for the P,Siuid C,P couples may he obtained 
Prom these diiforenecs sepamte tliermo>€foetxie power Imes 
rniuhi be plotted from the bus Or for the P, d, the B, D, 
and the 0, D couples, giring hues eorzesponding to the 
dotted clcctvomotiTc force curres OBG, OBD, and OOJ? 
m Fin 8S0 It would, houercr, only needlessly compbeate 
the dugium to do this In representing the relatire 
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tbermo^leciric powers for a numlier of metals A, B, G, J), 
etc , it IS most conTeaient to take one of the metals, saj A, 
as a standard and plot the theimo-eleotnc power lines for 
the couples A and JB, A and 0, A and B, and so on Then, 
for anj two metals P and Q, the relaiaTe thermo-electno 
power at any temperature be found, asei^lained above, 

nom the difference of the oicunates of the A, P and the d, Q 


lines at that temperature, and the eleetromotiTe force fora 
P, Q couple between any two temperatures may also be 
found, as alxe^y described, from these bnes It will 
also be evident tiiat &e pomt of intersection of the d, P 
and the d, Q bnes gives the neutral pomt of the P, Q 

couple “ 

If, therefore, we have a diagram witli thermo-electno 
power lines for the couples B and d, 0 and d, J) end d, 
etc , the ans of temperature may he associated with the 
metal d, and the Imes may be called the thermo-electno 
power lines for the metals B, 0, P, etc , and for a couple 
made up of the metals P and Q the P and 0 Imes serve to 
the constants of the couple A diagram drawn 
in this way and giving the thermo-electric powers of the 
metals B, G, JO, etc , supplies, with proper conventioM as 
to sign and regard to the posibon of the onmn, all the 
necessarv ■flienno-electno data for a couple of any two 
given metals mduded m the diagram. Such a di^fram is 
called a t/ismio-slcctvic dutgroni 


OTQ xbe Sbermo-Eleottifl Diagram. Stgtt Con- 
wantiMis.— For theoretical purposes it is most crowient 
to iaie ike ongiu qfike am <(f tmpei^e a^ ttemo- 
dtdm power of ike dbeoitde eero of uni to 

eiecmo j ^ ^ aisohde scale The necessaw 


Take the 
sup- 


^e of a coutde made with the metals d and P, and 
SS Sifb iim^oM t» be at the same fempeiatuw T K 
So lunctums the metal P « at a higher f 
S ™ i«i A then P 18 said to be positive to d If this 
of poSital IS denoted V H. ^ve at 

SiSnctiOT a seat of electromotive force D tending to 
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sand a conent ftwn JB to J, no* across Ae jimetio ^ bnt 
toundthionAlihedicratoffliBooiupIe. These two eJeotii^ 
mohTO forces are equal and oppositomito same an^ 
Bad tawrefore balance each othoi Snmlaiy , smc e the two 

ends of each element of the eoaple are at fhe saaie teiiipera> 

ton T, the algebnoc emn ot the dectromotare forces 

associated witiii (he Thomson Efieots in the JLaadB coiu 

dnetoTB IS sen in each oondxietor. Hence, vhen ho& 
imuboiiB of this eon^ ore at the eame temperatnre the 
total dectromotKc force in the axeint u zeto^ althonm at 
QiticbL juBofcioii th ff potcotiid of £ IB I n ^ or tituui thait rf 
Let one of the Toncttons be now raised m temperature 
from T to T-l- dil The eleotromotnre forcn set up at 
the junobons ace no longer equal, for the inorement of 
temperature dT at one jimciaon caosea on morement <01 
of m eleotcomotiTe force at that jonetion, and thmr 
diifareDoe IS therefore ^ 

At the saina time the deetcomohTe forces associated with 
the Thomson Effect cease to balance, for there is now a 
aiffianwnw of temperatore ST between the ends ofeach con- 
dnetor, and this gtres a difbcenee of potential o- dT 
between the enda of the A conductor tending to send a 
current throni^ S, and a difference of potential <r,.dT 
between the ends of the H conductor t^mg to send a 
current thiou^ A If cr,, and cr* are assumed to be 
positrra these diffOtences of potential axe opposed to each 
othor, and as in dzt 214 the a^ebraic sum of the 
eJcetiomotiTe forces in the <»rcnit ie given by 

<1S SB dn-l* (ca — ctb) dT, 

and IS seen to be made tip of <ill,the increment of n at 
the junchoD, and (o-a — ok) dT, the increment dne to the 
Thomson EQtot in the ^ and B condaeton 
The eHeebmnotiTe force le for diamm purposes taken 
as positiTa or n^ttva according as we current passes m 
the standard metu of the dngram from cold to hot or hob 
to cold As the current always passes jjexeept in the cose 
illustmted hy Fig 885) at’ the hot junction from the 
negative to the poutive metals, tlu^ convention involves 
that da is positive when the metal coupled with the 
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standaid metal is positive to the standard, and negative 
when this metol is negative to the standard 
Prom what has been said we can now deduce the sign 
conventnms that applj to theimo-electnc power lines 
T^en, at anj temperate^ T, the mcrement of mectiomotive 
force d3 for a positive increment of temperature dT is 
positive, then the thermo-electnc mwer dMjdTvi positive 
If the line AB in Pig 383, giving the thenno^lectnc power 
Ime for ito A, B couple, ^ taken as the line for the metal 
B and the axis of temperature as the Ime for the metal A^ 



tn iwm as a standard, then the diagram is evidently so drawn 
that at any temperature for any two metals the thermo- 
electno power of the positive metal of the two isthegwtsr 
Thus m Pig 884 the thermo-electnc power Imes B3 ana 
QQ for the metals P and (7 mdicate that up to the 
pomt, represented by On, the metal 0 la positive to P,Dui 
for temperatures above the neutral pomt B is positove to o 
Also, if the temperatures of the inn^ns of a 
couple be lepresenfed by OP and OQ (^8 
the^direction of the cunent at the hot jnn^on mU, ffl 
accordance with what has been said above, be from 3 w u 
This may be mdicated on Uio diagram by an arrow from 
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BtoO, Bmd, m the Bame -mj, the dneet&ni of the aanent 
in eaoh etement of the oon^ end at &e oold janctiaa may 
bemdieated amnre lo^ the area agpr, npresentn^, 
M ptenonety erplained, the eleotzomofave fon» in tra 


lhPi&885, if fhetempeiHtiiteBoftliejiiSietunisatexe- 
presentMly OP and OQ and anromhe drawn, as above^ to 
indicate the dueetaon of 
the eDnant m the oir* 
oni^ we get tiie area 
sgwrjpfts to represent 
tbs denlnnnoinB force, 
ond, of this area, tin 
part »pr u positive and 
ngs negative^ so that 
the deebomotne fmce 
u represented hj the 
differenoe of the two 
anas. It duraid he 
noticed in this 



that the arrow m sg IS ng 886 

in tiie duection iqppoBite 

to that given ati^ for the hot jmotion In tins case, 
where the nentral point lies between the junetion iein- 
peratores^ the emrent passes at the hot jnnotian in a 
mreobm opposed to tiiat in wbiidi tin eleotronuitive finoe 
atthejcmetiontendstoBenditsoka^aBtheareapnr is 
greater tiian ngs, that is, so long as «p is greateor than sg 


220. Xhe !Eliex3no-Slaataio Siagiam. Bspiosentar 
tfam of the waxioiis QnaatiHes on the IHagnin. 

(1) Ike ^^mnum Ooiffieunt — Smce the themo-deetrio 
power of the note positive of two ne^ is the greater, it 
18 evident that on the diagram a path with menaemg 
ordmates is also a path of nunesae of potmtial ECenoe^ 
m gomg along the P and 0 hnes, 1^ 884 from odd to 
hot, the potential fitlls, and tiieteforOv -drt S18, <r, the 
ooeffioient of the Thomson EfEseik 18 n^^ativB Lithe ease 
of the P Ime, however, the potential nses from odd to hot, 
and timefoie <r is ponfave It rnnst be remembered, how* 

K Ann. 87 
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erer, that these lines are supposed to be drawn lelatiro to 
metal ^ as a standard, and that» therefore, mleas Ibc melal 
A i» one for wiici cr i« eero, all that can be deduct ftom 
the above lu^ument is that (o# — and 
negatave and (oji — o’x') posibre 
From Alt 216 we get 

«»-A -Wb = - or Wb - ir^ = 

where y denotes dE/dT, the thermo-dcotno power Now, 
tslong the A,]) line (Fig 884) for which (ob-o-O is 
positive, the value of at tempemture 3?, represented by 
OX, IS r^iesented by Xa, and for a small mciement of 
temperatuie^ dT, r^zesented br XY, the meroment dy is 
resented by be Hence dyfdT is remesented by he/ae, 
the tangent m the angle whicn the A^ bne makes with 
the^Bibve direction of the axis of temperature 
S^cet if through the ongin 0, taken at the absolute ten 
qf temferatare, a line Os is drawn parallel to J?J?, then 
value of (»» — “a) ai any tm^erature T, represented 
by OX, ts given by the ordmate Xa, for 

^ = tan XOs, 

Xs = OX tan XOs = T tan anX = 2* 

dT 

By on evident alternative construction the line da may also 
be taken to rejpresent o-p >- o-a It mil seen here that 
when dyfdT is positive, that is, when tho thorfflo>elcctno 
power line slopes upwards like DE, the value of (o-p -> 

IS positive 

Experiment has shown that for lead tho value of a is 
zero or neglimbly small, so that by taking lead as tho 
standard metiu A the value of a a may bo token ns zero, 
and (wa — Oi), (ob — o-ji),etc , become simply irin,«b,cra, etc, 
^e ^lomson Comments for the metals for which the lines 
ate drawn , fhnsXs or da represents the Thomson Coetheient 
for the mettd E It must bo remembered that tlio rnagnt* 
of 0 - for any metol can bo obtained from the diagram 
in the nay desenbed, only if tho origin of the axes is taken 
at the absolute zero of temperature. 
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^ Th» Tkomm ^Ehe abgoijrijoa or erdOlaon 
oteiingyasBooutedwfiitiie ThomsoiL B&ot caa also Iw 
xronBaified. A paiiii uuanasmg oidiiwieB is one (d? 
aoMsphon of eneigT', tiins tmeegr is alMorbedm 0 and 
enmSi m 3 (F^ for iri& jimcboa tenpetatares 
OP and OQ ue 'patli’ is or to o in 0 and r to • in P 
FnriiiBr, for anj Toy smaU difrerance (d tonpoat a ia, 
dSC, iqonseDied 1y 27, m saj tibo 0 condtntoiv tibe 
amtgf a1w(n1)ed fcv xott qnanhtjr of dfiotdinfy is grrsn 
t y ~ gy ffl. Bow Pe is negattvo^ so fhab*-p«d9? is a 
posibre quantify, and it is xapresotted ty tas, sad 27, 
lepesents dT, is eqnaT to ab, thoMfom vJP is 
ngpeBwtsd the area os x at, is, ly the stop 
ngo, miflii d? is mfinitaly wnan- Erom tiie geomebj 
flie d ngtam tiie strip oydis equal to and any 
•aSNEoie be isim to xe^^esent the enoier atnoilied in tiu 
m of the 0 oondnotar BlaSows at once from 
tiuB fiiat ^ total oMorpy otmitsd i» tbo 0 eoadndor,&» 
janetw a otaoMts tsniMKitiim temp OP and OQ, ouiit te 
wpwMWW tp fte area mppl Snnilatfy &» aurm em^ed 
*te B eoaditetor te r e pw aa rf aJ Im nmn. mw, rrn 



tbe disM (Eig 886), at tenwtnn 7* dB/d7 is 
rspresemted ly $g and 7, by OQ or oe, therefore U 
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r^reaenled ly fhe area oe X fhai te, hy ffie rectangle 
osgm SiBQularlj the Fdtier Effect at the cold junction, 

IS given hj ^ Tqfresented hy Oie area nr x 

or the rectangle mpl 

(4f) ToM ElfJP, — The total energy ahsorhed m the 
above cucoit (Fig 886) u rwresented Toj osgm + mqpl^ 
Hiat 18 , Ij the area osgpZ, ana the total energy evolved^s 
represented by + nreo, that is, by tlie am l^rso The 

energy dissipated in the ououitis consequently represented 
^ owpZ — ^so, that IS, ly (he area rsgp SLnis aiea 
therefore represents the eneigy spent in tibe cuouit foi 
each unit quantiiy of electncity txavdlmg round it It 
therefore represents (he eUctromefiwa force in Oie ciicuiZ, 
in accordance vnth the result given above 
The magnitude of the electromotive force m tiie circuit 
can also be detennmed from the diagram by finding 
an expression for the measure of the area pqsr This 
area is measured bv the product of one half the sum of the 

S rallel sides and toe perpendicular distance between them, 
at is, by 

PQ X J(pr + sj) 

If the diagram is diawn to scale this value is readily deter, 
mined* It is numencidly the thermo-electric power at the 
mpsm temperature multiplied 1^ the diffazence in tempera- 
ture 

It can also be reduced to a formula, for PQ represrats 
JPj — Txt and, from the figure, sjAy = NQ/NP^ wheie uN 
represents 2^, the neutnd point of the J?, 0 couple That is 

•2 ss or flj ss I (2*» — 2j) and fy = * (!P« — r,), 

-irbere I is a constant Tins giTes for E, the deotromotive 
force m the circuit, the expression 

or 

This expression Aows that E is zero when 2j — 2|f that 
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Ut boSi iiniobciiB stb Bit fliB bmps toinpBitBibii’Bf 
also wlisn =: (2\ + tbatis* atthepomtof lemsal 
when, fhs iiootnJ. pomt is f]ie anthtnotio mean of tho jtaou^- 
turn temperatures 

SSlot page 199, giTSs a tharmo-ebefano diagram for 

aumatoofiiirt^ 

221. Tb» Tfaermo-SUotno Ocmple treated AnaSsrtleallgr. 
—The total B M F enrres beusg pKootioaUy paxaboto may, vhm 
(becngmiaattiiealMi^toaeto^ foexpraMly flieeqfintum 

EmaT^bT^ . (1) 

vbenB denotes IbeeleelmmQiaTefQKoe ms 00 ^^ one jnno- 
ium at ebedltite seroandtlie other at temperature S’aathaabaohite 
scale, and a and b ace oonstanta depending upon tbe metala q£ the 
000^ 

It ltdioas from tto tfot tlw eleoiromotiTe fom lor a e^ 
pmatmaattempemtocea and I’t u grran by 

4* rj + b (S’,* - r,*) .. 

XWtjher, from the egnatum 

B s air + hi’* 
ire gat, hy difitomtaatingi 

g = a + »r 

Or, reprosentang dSfdT fay y, ire bare 

yaShl’+a (8) 

ThmnlheeqQatmcdaatraub in iduob 9h sepceaenf^ m 
tne uanal irey, the tapgenfeof the angb mad e fay the imH H|f 
po^rediieoimdtheaxmofbanqpentiir^asidattthe mtanimt 
on tneaxia a thecmo-eleotao power 

Aiiofiom y^Str-l-a 


■ndnaw t. 

xnlmn r^^Vj^aSbT, 

or, it a 0^ .. bm 

r, aar 

Urn st aiqr tonpmtan 


— ( 4 } 



OTraBMO-EtECTRIOm 


vlioro V 11 L. 

y = 26^-1 a 

^g»t 2&r« + aa0^ 

vhoro doDotoi tho sontr^ pout 

!n>M gives JVs- ® 

md ««-oxi 


SulMtatutang this ^elue of a in tiie ezpnsaton for we gefc 


This corre^n^ with the formula given above if i a- 2fi 
For the vame of H we have, from the relatum 




IBI 

(6) 

m 


n = 2^ 

ST" 

bgr BubBtitoting for d^iT, tha equation (3) 

Hb a2* + 2bT^ (8) 

Also in a wupU mtk jonotums at temperature 7\ and r, the 
energy absorbed in the mtomt per nmt quantity ofeleotnoityiB 
given by * 

Hi B aTf + 2bT^ at the y, junotion, 

- Ill K - {aiTi + %Tt^) at the junotion, 


=--26 f** 

Jfl 


1X1 

in the two oonduoton 
Henoe the total enotgy absorbed in the eiremt is given fay the 
sum ol these quantities, and is equal to 

«(J',-3',) + 5(ir,>-J',») ( 9 ) 

Xhu is tile measure of the eleotromotive lone in the onomt 
(See (2)} 

if the thermo eleotno power at (FO he denoted tyop, the thermo 
eleoteio power at <*0 is evidentty given hy + values 

of Oq and 26 for oertam metals are given on p m » IThey applyfo 
a range of temperature extending from *- mfO to lOCrO The 
values are snob as to give the thermo eleefrio power in miorovblts 
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SA 

AntuDony 

1800 

1S817 

BtHmoth 

-72680 

-OSiSO 

Ommer 

Qob&t 

2816 

-16882 

DOBBS 

-amo 


ISW 

- 01830 

Ifooezy 

-4460 

-ooseo 

Hif&el 

-16-050 

-OSOBB 

^ver 

2860 

00714 

Sbae 

2718 

OUMO 


222. Aini«nnBl]IErtn3i<~Thaaxmo£13iewa^^ 
!E^ SSOandSBlamasBQmedpaxaSldtoihaElIP.flaaB 
Becent vamaseiat xodtcata, hcrannrec, ISut (riusa coopled 
mill lead) ooj^per, niokd, ahamiaDin, plstiaum, cadmnnn. 



Fig 887 Fig. US 

aad nangMie w meZuwd uaa, aa& Tiw«w tha lihMiwn. 

daotmpoimliiieB Trill iu>b 1 m Bbw^ ThaganaFPi 

^peox ibeiaokfillinBisdHnm S^andot&noia 
Ime %i{ift<anperafiir»ml^ 888. Ot^ unrmiJ swtali 
may beeame afimnnal at mfSaemflj K g h 

888 AnoUflia d»i3iea> y — 

^wa-r-ThaThenaaimatFig ■■■h ‘**1 

«#) oonsuto o£ ft nimibn of "■ ! | 

mouTt S a 

^ «&Bt. K on a«b dE HEAT P n 

5®®*»op> be pnteetfid et Uf ' V ^ _U 

Joated.^WbeelIow«d I 

to feU oa the other eet^ the * 1 ^ . v — i 

ghmomehar 3oime& tofte m* ahMHM 

e^^^hftdeflfiQted^aiid 

the defleetum nay be oe^ ee ^ w 

S-'gyyy tt«fc« *Mlingotttlui expowa waotwii. Tin maaa 




Tig m 




198 


THEBUO-CLCCTBICITT 


SoyB'Sadxo-Uiciroxneterts sunilar to ttia Saddell Thermo- 
Galvanometer (Art 180), the heater being osutted The moTug 
coil consists of a einde loop of cc^per suspended betrreea ^e poles 
by A qvfirte fibre, ^e two lower ends of the coil hang below the 
magnets and cany a small bismuth antunony couple attached to a 
very tbm blackened copper diso , the couple is screened from the 
magnebo field fay a jacket of soft iron, when ladiabon hWs upon 
the couple a thermo-cniTent flows in the cml and the latter is 
d^eoted Thu mstnuncnt is extremely sensibre , it ares quite 
a good deflecbou with an amount of heat equal to that which would 
fail upon a dm diameter from a candle 1,600 feet distant. 

In Callendar'a Bafiio Salanoe for the meosatement of ndiant 



heat a blackened copper disou fixed to the jnnohon of four iron 

and four constantm wires (Fig 
390), and another iron constantm 
couple leads to tbe galranometer 
GL Another mromt^ as indicated, 
contains a batteiy, an adputable 
resistance, and a imlbanimeter 
When xadubon falls on the disc 
a thermo-Durrent flows and the 
galvanometer is deflected, but A 
is adjusted and snch a current 
passed that the Pdber cooling 
effect cancels tins and the gal* 
vanometer defleebon u reduced 
to zero Knowing the current 
Fig 390 and the Pelber Goeffiment the 

rate of absozpbon of energy by 
fhe duo u iaotra. In tihe actual instrument are tw similar 
disea and m later patterns bie discs are rqd&eed by small caps , it 
IB xaed m axpenments on rsdicwetivity 
The Thermo-Conple pyrometer fortiie maasmwnMt onem- 
Basa^nptoalwnt l.flOO’O conasts o! a platmnmmd j^tmnin- 
dodium olfi^y cou^e The oircmt inclndM 
a ealranometer, and the iemperatea at we 

«Sia]unotion,”»e.theconneotiomtoaie f ^ 

Ealvanometer, le^ cansfant TOe^- c<> ^ ^ 

TOnometer is calibrated so that the deUM , ^ jj\ 

bans »V8 the tempeiutnrMto^^ ttB ^ 

“hot" lunotum is snhjeoted EreqnenUy 

theconpleconsistsofpletmmnand^tjnnm- 

"^SXemin^B Thermo • gilliMn^ tw lig S91 

tiie"^ onnent to he messnwd), e 
coudIb. S, soldered to 00, end e galranometer. 
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fig 891a 


Note that llie ocnoper, bIti^ smOf and oadmn^ toes dope 
inwr& to thonAfcOmoinioaBfifeetpcBitiw}, wli^ mobi 

and plaUiBini wBpo dowiiWBdi ffhwnBw goaot 

Exordfles XT. 

SootumS* 

(1) Athocmomleit Joined up in «ne« mCh aJDiin^’s oeH and 
tl» ennoDt allood to flovr fora d^time Xho dwtniopdo u 
then remored tnon Ub ovoidft and conneoted ^tn too termiBaua 
of a fi^vanometer, the needle of wlneh » dierai^ emndei^ de* 
ketdlmtgrdittlly returns to iteimdii^^ 




200 


TEnOBKO-BLECTBIOCETt 


Baotioti C 


(1) Qiva Eelvin^a Uieoiy of the thermo eleotno oirooit^ and find 

an expresnon for the E M F if the Spooifio Heat of eleoinrafy 
yarioa inTersely as the abaolnto temperotuie (B E Hons } 

(2) Suppose that at some point in an eleotno oumntheat ttos 

being developed by tbe passage of the onxrent Desonbe hxm yon 
wouM. detennino whether the heatwg was dne to a resistanoe or to 
a thermo eleotno (Pdtier) efibot (Inter B So Hons } 

(8) What IS meant by tlieixno eleotno power, and how can tbe 
data for a diagram representiog it bo obtfuned f (B So ) 


J yrrrVrfiT;] jNI 


deg^atO^and IfiO at lOGTt andthat of oopper is 136 at 0” and 231 
a^OO” Gonstruot a thermo eleotno diagram for these metals, lead 
being the stondar^ and state how the amonnts of heat absorbed 
and given out in the Afferent pnrts of a oopper-iitm mronit with its 
innonons at & and 1()0^ when there is a ounrent of 0 amperes are 
shown in the diagram G^onlate also the eleotromotivB force in 
volte (®Se) 

(6) Br jlmn dotty \ibst 18 BMBBt by tbo "apcoiBo beat of 
eleotnoity ” , _ 

Along a metal rod whose area of orossseotmn is 1 sq m 

u a uniform temperature gradient of 1* 0 per ^timetw xne 
speoifio resistanoe of (he material of the rod is If® mwrohma per 

oenbmeiiro onbe , 

WhBU ft onrwnt of 0 05 ampeio is wmtfrom tto ^ 
ond the temperotaM gradient is unaltered CWontote ae 
heat of deotooity tot this ineteL 

(61 What is meant by the apeeifio heat ele^mly f 
thrt’tim E M F of a imiut of two met* mft 
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SLEOTRIOAL KSASTTBEStEKTS 


oa unknown resistance (saj P) can be found if the other 
three are knowui or if one of the adjacent resistances (JS 
or 8) be known and the raiio of ^ other two be also 
Imown The Metre Bndge and Post Office Box are 
practical applications of the Wheatstone Bndge 


226 Sensitiveness of tbe Bndge ^An examioabon of Fig 
392 will show if tha posbona of galTanometer and batted 
be interohanged the rdbition estabbshed above will afall bold , the 
maUtvenm maji howeveri be quite different in the two oases (The 
greater the galvanometer current dne to a small look of bolanoe tiie 
more sensitive is the arrangementb Applyisfg the method of Art 
IG2 to Fig 392, the expression for the ^dvanometer ontrent is 
JgJSS-PQ) 

Ih oonsidenng ^e efifeot on this of interchanging B and 0 the 
first term in the denominato may be neglected since itoo^insiw 
prodnot JSG and will not be altered 1^ interchanging B Md 
Hie last two terms do not contain B or and may bo negieoted 
The part to be considered is therefore 

jB(F + JS)lQ + S) + ff(e+Jl)(P + ^ (*) 

If B and G be interchanged this becomes 

(?(/» + J2)(C + iS)+-5(0 + ^(^+^ • ® 

Henoa (o) — (J) ■* (S - ff)l^ "• Q)IS - ■B) 

you amm B grtaUr Hum G and let P ^ 
oansoa with Q and B the factors (B "■ W and (P V) 

whilst (S- Ji) IS aegstiwb M thirt ^ 

& IS negatave, • e (6) » greater to («) , ,® 

m the exoression for the Mlvanometor current is 
B and ff^mterohanrad, and thorefow He 
cnmirf lissjfis greater tW r/o*te 

SSL m^u^^edtey w <Se %luiiumeler~nuel be pal 

'*l,^*®iTZftoxoressi<m far the galtanoineteroncinDti that 
^^~^^fpJF=BIQ, galronomotor onrront is sero 

(Arts 162»224} 

QQfi w-astaement of Besistance l»y the Jteto 
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owpw cf negbf^Ue icmutMioe fixed to a boatd and pxo* 
Ti&dinili Wo gaps for the inserfioa of ffae lesutanee to 
be mesaoied and a standard nsistanee mtb iifaich it u 
oompBsed A shaight^ 
batdtinifona'vriiel 
m hngtb joms tbe two 
end pnoes andhaa 
it a scale dmded 
into 1,000 eqnal parts. 

^neaas of a shder, ocm* 
tub can be made at as^ 
point on the wne, fbie 
exaeb position of wbioh 18 
udioated bj a pointer at* ^ t98 

taehed to tiie dider and 

monae over the soale The conneobons ate shown in 
nhg in which P is the unlcDown lesistaaoe 8 
a standaid Iciiowu nststanoe of somewhat wmilM* megoi. 
tods Tim expenmoit omunsts m (L) olmmg JST and (iQ 
momg the ad^ along 13m wne wnfal a pomt of 
A IB reached at wbieh the galvanometer m not 
WiQi fine oondition zealiaed, 

BeMtanceP_BBS AE_ Length 




to,ainoethewimmiimfinm,resi8tanoeis moporiumal to 
ungththenee 




SlifixSstsSi" 

S^S?S^S^^4rai^ta7lX5?3“" 
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CLECTRICAI4 UEASlT&EMERTfi 


3 To find impvnUurt cotficuM of exmar^JSbA 
0 (^er wire u wound on a hollow perforate bohhui and plaood in 
ft vessel oontBinmg oilf a iheimometeri and a stuier me vessel 
IB placed in an onter vesad containing water whieh can be heated 
The copper wire u oonneoted to the gap o£ the hndge 1;;^ a pair of 
thick ocq^er leads Before beating measure the renstanoe of the 
coil and note its tempeiataie Gxwnally raise the tenmentate, 
keeping the oil well stizred When the temperatme has risen 
abtmt uT C remove the beater, oontume ebmng abont a mianta, 
and then measure the lenstanoe, noting the temperatue when the 
balance is obtamed. Eepeat, using tempexatnre rues <^abont KTO 
up to 100^ 0 ^ke a snmlar set of measmements dnnpg cooling 
Plot two curves, one for heating, the other to oocdiim, with tem- 
peratnm as abscissae and resistance as ordinates. Selectuig the 
better carve, let Bn = xesutanoe at ax^ temperatue and 
=g resistance at another temperatue tf ; then 

Bti s= JBo(l + crf,) - = Boa + 

.. Ai = L±£b, »«.a= 

55 r+^V Ai<i - 

ATinflitti- form of "Wleatstone Bndge is the Port Offiw 
Boz” m wiSi this we shall to conTenicoice write 

(he islaticmTArt 224, tb P/S = S/Q. m the foim 
— aai diall assnme S to he the imknoini 

OflicB Bol ominrtB of a oonibor of ooib of 

" " “ SSi™ 

tile fon^ consist^ 
of the coil whose xe- 
gistanoe is to be deter- 
xmned The method 
in which the omls are 
fixed and maimpulated 
IB tiiown m "Eig S94 
Tbair ends are at- 
tached to solid brass 
blocEm s^arated ficom 
each other h|][ conical 
gaps, into wmch com- 

«.! hnss TilTiES can be inseited. By insert^ 

rfSSw TfiMtance is cat out of ciwmt, for the cunent 
Sff to file next finongh fiie plagj 



Fig 894. 
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leoMmiig a ptav necearitates 13» onmiit gomg lifaza^ 
flia (XKdl, tbiu aadi&g that zesisfamee to the axmt ^ Toe 
eodi aie donUed npoa titemsehes is 13ie maamar indieated 
so as to dmmuio iae efbofs of Bidnist^^ 

A. plaiL of the Ixnc and its eonaeotioiis is shovii m 
I!ig. SB5 33» aams P and S axa taunm as tha raho 
axau} eadi eonnata o£ iSnaa oods of 10, 100, and 1,000 
ofantaxanaianca QisoaiQfldfIieilacMfatann,andooariMB 
of aaatieB ofecnb vintelij xesiaianiieB mnging fnan 1 to 
U^OOO obniB oan lie obtained 8 is tiie vnkncnm zeaiat- 
anoe Tlnlaitonigof theboziaiden&al'niiib]^ 892 
ISiS inamgpnlatinu inJl be nndenfcood 1^ ooaaid Bnng fbe 



SLECXBIOA& UEAsmtSMEKTS 


jrale JR equal to 1,000 ohm, le^inp P egual to 10 ohm, ud 
again tiy to find a value for Q for no deneobon In thu case, since 
jfiB eqnal to lOOP, Q mnstbeeqnol to 1005 for a balance, in the 
test m question it srea therefm only aceessaij to irork vnth 
tesiatonces b^een 230 and HO ohms in Q On taking 237 ohms 
the galvanometer sras not defleeted, hence S mu eguof to 237 
ohm 


sbmiM two coasecatiTe xesistBsoes in the third step sbll 
prodncB lb opposite diiechons, the true valne 

may bo found bj inten^tion To tehe an example. H 
237 ftlvnna gave a defection o£ 80 divisions to tiie right, 
and 338 gave 40 divisions to the left, a balance wonld be 
obtained if Q conld be made equal to 237 + M, if 
237428 ohms; in this case the value of 8 would be 
2 37428 ohms « ^ 

if the untnown resistance is very large, S must retam 
its value, 10 ohms, throughout, and P must be madeeqi^ 
to (say) 1,000 P bemg yfe of P,Q must be j^of 
unknown to secure a balance Thus, if 1,208 from Q 
gives no drfection, the value of ff is 120,800 ohms 

227. Errors, Corrections, and Precauttons in DEetro 
Btitee TSrork.--Tho sources of error m Metre Bridge work 

may^ bnefly summarised as follows — 

m Lack of unifonmtyin the bndge ^ To avoid 
the eoGce ansrag from this the wire must be eahtwrfcd so 
St the ratio AE/Ses EO » acouratelj known 

SeBiBtance of tiie end pieces too large and MMual 
♦aVa nefflected These are determined expenmentellj as 
equivalent to so many divisions of b^ge w^ “’“I** 

MO added to the respective sections AE and EG each time 

^ The non-comcidenoe of the pointer (which moves 

olSl the 8(3^1» tte edge of the tappw (which makes 
along tue ; easily seen that the error is 

^ A a. o*..* ktas to 

d to «»i. w 
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onlj allowed to flow &r riiort interyals of tune Specaal 
precttotfapB nnut Ise taikea in qpeoial caaea IE the teia* 
peocatnxe and tenq^eKaiiix8(M)eflksi^ ooneotEons 

can ka made 

(6) Erxoza doe to thermo-electm eSacta These aiw 
hj nBmg a lereramg kej in the battaty oueiut 
and balancing with onizent m oj^posito duectioiia m the 
bndge (fii^iZainftts) 

Bn 1. 2^ealitoB<eatfwtistnfB---TheEaanm^ 
us; m fbllowsur hnefiy oniiiiwa one metbod. Ihlnw 8D6 j^ia 
■A aaonmiilatiw, it a riMOrtat^ and G a galvanometeir ; fbe onnenfe 
indioated G iiiiub be kept oonatent P|, Jl^ are two oontRCts 
oonneetedto abi^ resutoaoe gBlvanometer EG With a steady 
nmli omteatpaamig, Pi» Pg axe placed onibe wixe atO-GO and toe 
defleotun of EG » noted , tou u praporbonal to the Pi) and 
toarefmtotheTesutaaoeQf ton part l!heoimtaQtBPi« Pg ace then 
plaoedoDa0->100^ lOO-lGO, etc , and toe obsemtuma are repeated. 



lIdi«dg«clLets,ba toedefleotiODS, tosafj^iapcqpoctiODel to the 
murianae of the part 0 to to the part OtolOCIL 

(4 + dg -I- toiliepartOtolGO^ awsoon Aoncveisnowplofetea 
with aoue diTiBiimt as ocdinatea, and the aom of toe deflertums 
di + ^ eto » fitom sero to the aoale dmaiona as absounae. Bneh a 
enc^m which toe aom of aU toe dsAealtiona for the itoaile wire 
^1000 u 820, la indMated in 80^. Clearly if m a teat a 
balanoa la obtained atjdiTiaion toe xatio of toe xesiatanoeB » 

nrtdOO/JSO » 82; batSTtj/ffiiO -876) » 87^^ » -846 
By inaectiog a etaadaid loir reeiatanoe (A and noting the defleo- 
tUMi (2)1 when EG is joined to it, toe aotoal xesistanoe eortenond- 
ingtotoedefleabonamaybetoaM; tons toe resutanoe of toe fiiat 
aeotum la dfilD Henee toe deBe^on oure nay be to 

xead the aetnal xeaiatanoe of toe wue. 

V Anns 88 
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fiLECTKICAL M£ASI7B)5M£NTS 
^Bxp 3 oorncciio^/or/iiecnrfjw«»^^ 

rfi~o 

s {2r:di)u.p='- (1) 

Jg" 


IVQm(l) 
le. 


Z_(i>-it)-^S 

.*. ^ 1 

{L-di)+p r 


(tfj + a) Bs r{L - d|) -f-rj} 

+ fi'={L-dg) + p, 

- + = r{L — d;)-i-rp 

£himDatin5iSb7snbtnet3ng(3}ai)d(4)— - 

P can Bundarlj ba ionod. 


(2) 

(8J 

W 



Jtac iiQQiaiaQGC u& Ltiu Buuiuani o souuju uc qk similar uiHCTiniac Ml 

ibat of Ff and in a ganenU my the nire resurtaaco Bhonld be abonl 
eqnal to their snia As the vire resistance is frequentlr soniovhat 
lotr comjnTod tnth that of the ooils, appxonmatdj cqniT resistAneea 
Bj and 6^* each about equal to the unkfiorm, are inserted aa ahoira 
in Fig 39^ Assuming the mre nmform and the «tandatda oor 
reotea for temperatore, the modux qpotirdt is as foUotra *- 

(1) Betennine conghl} the value of P, and then select a standard 

iSand resistances someirfant simibr magnitude I^t 

Bm be equivalent to ^ divisions, and i?. to iij divisions of the bndee 
^nxe. iict the end X have a resistance equnl to a divisions, a**d T 
a cesisUnee eqnal to b divisions of the snr& On bahne og as 
sbovn^ 

P_ ni + g + /, 

iS ijj X 6 {1000 ** /j) 

(2) Revene coitcnt, bstanec, end obtain tbe ratio P , S 


miBcnBXOAXi ubasubsussto 


m 


iQtaEobBiiiBB P and 8, and untb lAw tnirreab gofaw aa m Uia 
fiEBtat^, lat^wlihebalaiiomg dutanoe ftom liho end X. Intma 

f- i«. + t + aooo-W 

- ni + a + l. 



(4) ’RBTenamirtenttbB'latMM, anddbtuntiheza1aoP:& 
Adding Bunttatew and danmiiiiiiatmMiatl) and {3)— 


P^ IOOO + «,+«, + » + > + ft -I.) 

"S idoo + ^ + i^ + « + i — 

•.Pa * 'll ^ 2 ^ + «l+"* + « + fc 

Snmiady find P fnm (90 and (4) and talw tha mean 


288, The Caver roatev Bvidga^Sig 898 -mill also 
eerre to anlam the Oaxey Foster me&od of measiiveinient 
mth the ondge la tra case ond.^^ 10 &W& cets 
geturally cfahovl (Ke aame mlite, axe-Qw tvo xesietaaoee 
ander esaToinatiaia. Let ahe the resietenes of the end X, 
jS the renrienee of the end Y, L the toid length ai Twidan 
miQ, end lot p denote the Tesistanee per niut loaij^ 
Bnlandng as induated in Fig 898 -ve have 
P s ■S| + » + 

^ +P + pC'^ 

STov let B. and £, ho intetehanged and let ^ he the 
baUnemg distanse ftom the end X , neiiee 


P 

5 * 


■®a + • + pla 

p,+0~+~Ai-h)' 


% 
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Thus— 


^ +p ?i jB^+a. + p% 

^t + P + PiL-h) ^P+piL^l,)’ 
Adding 1 to eaeix side tre get 

^ + P + pJj + M, + a _ Ri+P + pIi + Bj + a 
■B* + ^ + pi — pi, ^ + P + pL—pU 

Hero the nnmeiatois ore the s&me, hence the denonnnaton 
ate equal, equating the denominators m get 

B,-Bs= pCIg-y = Ees o£ the part (^-y 

Thus the diiferenoo hetvroen the two lesistaacea JS, and 
Jig IB equal to the resistance of the hnd^ wire between 
the two balancing points, the result, it will be noted, 
does not inToWe the end pieces or values of P and 
S The resistance of the iengih (Ig— inaj be tahen 
from the calibration curve, and if iiq he bown S, is 
determined 

Thu method oen be employed for " eobbrabon ” if be 

acooretely known, for p s (B, - ~ fil i thiu if oiiker P or B 

oea be lightly altered nt will) boob to bnng ^e belanoingpomts to 
vanoue parte of the wire, p for the parte in qveetion oan be 
dotermmed. 

S29, The OoUendar and Onfitlm Bndge.— This 
bndge is used with the platmum thermometer for the 
measurement of temperature lii Pig 899 the arms P 
and of the bndge ate equal Leads ]oiu the thermo* 
meter pi to the gap in the arm Q, and a similar pair of 
dummy laads close to the mmu ones is connected to a gap 
in the arm Jt, thus Hie resistance of the leads is eh> 
^iT.a.tod The wire a& is 50 cm long and its resistance 
18 25 ohm, at r there ore eight coils, the resistances 
hemg 1, 2, 4, 8, 1 6, 8 2, 6 4, and 18 Sohms Theta^ 
consists of a shdar ^ which connects ob and ed The 
thflrn io >" «fa»' itself consists of a plalaaum coil in a tube 
of glased potc^m or glass 

U testog, the thermometer is subjected to the uakaowa 
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Sll 


tempoT&itiuB End tibB bndgo bnlBnoBd for no doBsobon i if 
this oooim Trifli the slidar z om fEonx the oeniie of oh 

^ =s ^ s ** + h + 

IS Q l+l»t + b — p*' 

vlifirB Z u fhe resistanoe of fhe 
leads, b the leaktasace of liolf fhe 
miB ob, and p fhe resuteaioe of 
one om of it, bat P ib equal to 
iS, hence 

Z+jrf+b— p» = Z+r+b+pa^ 

|rfasr + 2fi« = r+ jjg. 

Ejaomng fhe reeutenee pt of 
fhe tiieimoineter, the temperor 
tom to vhieh if is exposed is 
known The battery (not shown) 
jorns fhe P, S and B, Q jnnobons, as nsnsL 

280, KeBBnxement of &i|^ Berintaaioe. — The 
Wheatstone Bridge is nnsmtable for the measatanenf of 
hi|^ resutsnces <n the order of a megohm, since fhe con- 



rQ>- 


L R. 








B 

Vig 400. 

ditions for BeoritiTenen xauat be nolafed. Of tbe many 
mothodB in tue tvro yriH be briefly deaonbed betn*— 

Is To mantro a high rawfanoc hy Ifte fubtfttefion inefAodL 
-^omtipaasB7i8 4Q0|«liere£i8Eooimidentbatiem jRahiiA 
rautanco (of tbo order iOQ »000 ohms), <7 a bigh mii^se 
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meter, K a ^ell insulated key, and X tko high resistance to be 
measured. With the lever on the upper stud a the deflection 
of the galvanomoter is obtained A known tesiatanoo r is now 
introduced, X being out out of oironit by moving the le\er to the 
stud h Tho resistance Iti (also r if neoessaiy) is adjusted, the 
total B between C7 and D being kept constant^ until a doflcotion 
Df of somerdiat similar magnitude to 2>| is obtained If s be the 
H B between C and B, ej tho P J) between 0 and /i the our- 

rent in the mlvanomoter in tho lint case, and the ourrent in it 
in tho second case, 


. ^ _ e 0 + r 

eqrr 


t c 


T — 

jE?i ^ Q 
D2 ^ 


or A'. 


+ r) 

S35 


The resistance of tiie lusnlation of a cable maj be 
found by the method outlmed above The cable la coiled 
up in a metal took contommg mter, the ends only bemg 
outside, and these a» well insulated to prevent leakage 
One end of the melal core is joined via the key (stud a) 
to the galvanometer, the other end of the core b^g left 
" free,” and the metal tank, which through the water is in 
contact with the outside of the insulation, is joined to the 
end JD of fte high resistance B , thus tho insulation takes 
the place of X in Fig 400 

The specifio resistanco of the dieleotrio may now M 
found by the zdation of iurt 159, viz — 

(Insiilation resistance! _f y±x loe.-^ ohms, 
1 oElength Imches I”! J ^ ; 

wheie s 18 tho specific resistance in ohms per m(i 
and r, the external and mtemal diameters (or mdu) of me 
insiil&tioii, and I the length of the cable in inches 

- T!m S flb msttsure o AmA rtnsUMCC by lAs foM ^ cheu^ 
method —The ” loss of oharge 'Method is suitable for tho 
ment of the dieleotno resutance of a oondeMer 



zwomicj^iM uBAstruinnrais 


Sid 

bal fiftUi fUi u mdioatad W tiia feUmg defleotuin of Uio oleotm 
metar Timo teadmn of fbo doflootaon are Inkea and a enm 
plotfadwilh tuna MiwwMMaa and daflaotii ^ 8eleot> 

n^nov m tvo pomta oi tlia 
anrre lab Vi danota ilw daSao- 
tion aoneapm&ig to tha fint 
pomtand thatomreqBonduv 
bo tiiaawoiiafaiidlab l aaoondS 
lia tha tima inberTal betiraan tiba 
tvpo; tha didaobno raBUtanaa 
R ia foasd bom tha zalatum X9g 401, 

Has ■ " ■■ ^ ^ {nabalDw)i 

28006 aiqgso*^ 

tAareOiaflhaoapaoili^af tfaaoondaiiaar With (7 in nuorefuada 

H vm OB m negMuni 

^ihapnoadiqg lb uamoinad that tha laakacA only takaapkoa 
at the ooronaar IVialknrteai^lreluigaatthealaotmtebertre 
praam thns*— fpho ocmdaniar jB u out onb and tha atoctrematar 
tOMf abarged Xima nadura of tha daflaotioii an taken and a 
euKva pAofeted ahowuig thaollof potantul due to laakaga at A 
Tte a npenm aptia repeated with Jm tha mrernt as aaplainadaboTO, 
asw aam^ ploibtod nunnitt tha bll dna to J8 and a I^com tha 
fem oiBTH uia &U dns to S alone u (ditaiindi 



Xbe nmnssm for 5 ixL the nreoedins may be zeadily 
oiaUidii^ U (2bethedhRtgeTaelm(kL«ratiJ 
inataax^ V tiie patentab and O the Gapaeitgrv 







dt 2 :* 




Integrabing, ttb amve «t the xesnlt 

.-.B-s — 1 
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IPHBe Constant of a Condenser — Consider a condenser 
slowly disdiarging tirougli a liigh resistance B wbcli con- 
nects its terminals B^oning sumlar to the abore may 
be appbed, the leakage now being considered to take pinro 
through tins resistance B If F, be the initial and K the 
final FJD for an interval of t seconds, 






L. 




t 

'W 


te 0 ^ or r,= F,e~*' 

, 

If < = SCg 7^ = Fj ^ Thus, if a chaigedcon- 

c 

denser has its coats connected bj a wire of resistance 


J2 ohms, the potential (and cha!]ge)Tnll&ll to 


e '271828 

of its initial Take, in a time BO seconds--^ or 2 71828 
being the base of the Ifapenan logantiiins jBC7 seconds 
ts catted (he time constant of a condenser of capacity C 
discharging ihrough a resistance B Neglec^g leaks^ 
through Ibe condenser the method outlined abore maj 
endentlj be used fo find the value of the high resistance 
B joining the terminals and through vrhich roe condenser 
IS slowlj disduuging 


231> Sreasurement of Ziovr Ztesistance*— Ih the 
methods indicated belotr, the lotr resistance to bemeasazed 
is put in senes nritli a standard low resistance and the fall 
of potential m the two compared (1) by means of a cali- 

bmted wire, (2) by 
the galTBXLometer de- 
flections 



£39 1 To meaaurt 
a low raistance vstng a 
eattbrated tnra— la fig 
402 AC IS fi standaid 
(calibrated) low lesia- 
tance wire janed to an 
aeonmnlator B and an 
The irnknoiFn rosistanca X and a standard 


adjustable Ksistanco r 



BLaatBiaiL usabvbbubito 


81$ 


loT remtanee ot wmowiiat nmilar majflpitada 3 an oonnNted in 
lenoii and the two put in pocaU^ villi the atondaid wite A 
Bflnntive gelTBaometer liae one terminal jomed to one end oE tiie 
nnknowni and Inr means of a movalile oontoeb a point a is fonnd 
on the woe snon that the ^vanometer u not defieoted Thu is 
npeeted at the other end S tiw nnknowDi and at both ends of 8^ 
as shorn h(f the dotted lines in tiuflIgiiTe; oleerl|ytfaen 


P D at the ends of X > 
and P IX at the ends of 8 * 

* attoenfeofX , 
P i> at the ends qC 5 
Bes X 

•• ssrg ’ 


; P.D between a and 
:P.D between h and ET; 

P.B between a and 
Pb betw^hidaT’ 
. Res no* 

“SSTF* 


end tins may be written Length oa^/Length W if the wire be qmta 
nmConii ; tans X is deterumed 






Fig 400 


8 Tonu/rntnahne 

M hg comfortm qf 

dj/feehm Ihu ease (B^ 

4Xu} tiba ends of X and 5 
the hi^ xenatanoe galTano- 
meter & ate comieoted to a 
PbhVa Qomnmtator F ’Ey 
means of the latter G n first pat aorom X and the „ 

It u then pat aeroaa dT and tiw defleotum u notM ; 

Bea X ^ PP attheendaofX A 
Bes jg PP at the ends of 

flu meaB of tiin tVD u taken u the defleotum. for X. 


flM^JUeaaiuwmeiit of Battaty BesfataaoeK — Bat* 

tnyt^an not a gKKbBiicceBa,ftar theinsutBiiimafiD^ 

190a UB oune&t tha Intteij is giriiu (deenaeiiie u fiie 


conont urareiiaeB} 
dotmniiiatioiis , the 


itioBL aaoh naxij zeriatance 
~ aieHiods ate tjfpieal 


— ^ la n nemurc tie mutanee vf a oS ha tha mitrfm«rr 
^ muteaoe of vlaah(6)u 

toondenw, We heuittm gdranometer, Xa dutne 
•odteduMelnr.anarekaoirazeauteme -wunge 

With r dueanneoted from B, ohatge the oondaiMr hy dc^fcenng 
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iT, and note the first swing of BG, let this be A Duohaiee the 
oondenser ^ 

Oonneot the poles of B by the resistanoe r and a gaig oharee 0, 
noting the first swicg’^ of BG* DisoSaige 

the condenser 

n be the E M F of the oell and V its 
terminal potential difibienoe when joined by 
r, the ohaige mven to the oomdeDser in the 
first case is OB and m the second case OV, 
\fdiere 0 denotes the oapaoity of the condra 
ser , hence di OB OV^ E 7 
the current in r n given by B/(6 -f- r). and 
alsobyF^(Arh 185), hence ^ r=:(5+r) r 
Olearfy then 

; r.^ 7..^ 


ft + r _ di^ 


.6^ 


Exp 2 SV meostite the mtsUmee an 
acewmdator ly (kt fmrntUr and high rens 
tance galvanomeUr meihod — Bne^y this ex 
penment is earned out os follows 

(1) A. refleotu^ golvanonieter, with a larm resistanoe (100,000 
bhsDfl) in senes with it, is oonneoted to the poles of the aooumulotor 
and tile defleotion di observed 

(2) The poles of the cell are now jomcd to a second oirouit eon 
Bisting of on ammeter and vanafale reaistaace, and the latter » 
adjusted till a onrrent of (say) 10 amperes is registered While 
this ourrent is fiowing the guvanometer defleotion df is read 

(3) The Annnin nliiftnr and ammeter eironit ozeremoved, a standard 
oeu (E M F ss 1 434 voltB) nut in senes with the galianometerand 
its high resistance, and the defleotion dJi observed 

A deflection ds is produced by a pressure of 1*484 volts , 

„ „ |xl434volta 

„ „ ^xl434volta 

®i 


and 


dt 

dt 


A^tin if JghfltheEMg ofaoelland rtiiotenninalpotentiBl 
di^i^ when a onnont passee, E - 7 w&b vote used m the 
oell, and if / ho ttie orarent In the odl— 

Res of eell — ^ J - “ » 

Sow, m Case 1 the cell is proohoally on open mroinl* so that 
|4 X 1434}TOteuitsBMP Ei thetonmnalPU inOisoPis 
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^ X 14S4j>Ti2t8^aiidiiqg1eotu^theiiiiaUp(i^^ hj t2i« 

^vanometer 10 amptreB may be talnD as tiie o n gent m tbe soon* 
imilator, hmioe 

I 

Baa of cell i 


15"^ 

I ‘1484^ 


Bsp 8. 2b flMoim the rMiaftmoa tfac^hgSieS^* mefbocf— 
In Kg 405 FQ u a oahfamted watf B we ocB irooee xeautanoe b la 
re qm ed, 0 a aeoand cell of amoRer BMFn and G a galTanometer 
XbepontiTe pole of B la ocmneoted to P, and the negabTo pde to 
aome pomfeB, tba poaitm pole of Q 
u alao ocnmeoted to Py and cbe nega- 
tive ]Mde to aome pant T between P 
and 0 OiiB mtontul differenaa be* 
tweenPand Z^tendatodnveaiiaiieat 
tbrau^ ibe lower braiuh m tiu 
tom jiffs', wbilafe toe EMF of toe 
inB(7tandatodnveaaaRenttorongh ^ 

toe lower bEeadli m toe dueotion 

TQOP CSearly it wiB be poanblB to find a point T anto that Q m 
notdefleete^ in vbidhoaaelbePi) Im^oeen P and T mU he ejiud 
to tkeBMJr ^ 0, henoe the teat u aa foUowa —With toe oon- 
naotuma aa toom mid toe pant S' for no defieotum IE Jff and 
betoeBMB^ofB ond (f B and r the tenatanoea of PPand PT, 
than 

CmxenbiiijnSfs 

• £«L±j® 

Alter toe omtaotE to fiT and find a pant S" for no defleetaon, if 
17 and be toe rewatanoea ot Pff and P^— 

B _ h+B 
. h+S ^ b + B^ 

^ “-p ■ » t' - r " 

The eaU B imiat not be allowed to give a omrent lor any lepgto 
of tune y itt pmohee B la oloaed and oontaot qnidUy madeat S'y 
if 0 18 deflceced JT and S' ore nantedtuCelw tgunedi thm jg repeated 
vntd toe xeqmred point S’ ia fonnd 

toe deotrometev motood toe oell la oonnected to 
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inoTm renstasce JB aad ihe log dec 7 , is datarmir^^ 
Finally fte tenmnalB are short oirouited, t e joined by a 
short thick Kvire of negligible resistance, and the log ^ 
7 , IS determined It is easy to show tiiat 


r*-r* 

where ff jB the galvanometer resistance 

In the above we may write yssj* + where y la the 

loganthmio deoromenti ff tlie galvanomotw reaistanooi It tbo 
roBiBtanoo jowizi^f the temniniilBi and JP and Q aro oonstonts ITow 
in ease (1) 

■h=l’ + 5 ^=P+0 -i’, 

and in oaso (2) 

In oaBB (3) 

7.*P + -§-«>i + ^. Q^-iTz-yOff 
Hence (ff + /?) (7, - Yj) a (7 {7, - tj), 


Ys-7* 


234. Ueasnrement of Eleotrdytio Besistauoe, — 
An obvious difficulty in these measurements is the fact 
that in most cases a back E M F is set up, which, with 
ordmaty methods of testing, would appear os a lesistance, 
and, farther, the bock EMF itself is not constant In 
practice the electrodes are mvonably of platinum coated 
with " plaknum blade ” The following methods, amongst 
others, nave been resorted to — 

( 1 ) KoUnmeh's Hfet&od —This is a metre bndge method, 
the electrolyte being in one gap and a standard remstance 
m the other Current is supplied by the secondary of an 
iTiftnnfann coil, and as tius IS rapidly alternating m direc* 
f )r>Ti the opposite polansing effects at the dectrodes 
neutralise each other Balance is obtamed by means of a 
td«» phanft , the balancing pomb being that for which the 
sound in the receiver is a minimum The condenser of 
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Troni (4)— 


IC 


Fmn (6)— 
Vran (0)~ 


ar + i^ _ .B(g-y) + PC-g) 
9 (S G 

^sJBgr->J^ + A-iV> 

_ _ Bg + jRi 

•“■ZT+T+T 

. . . MP-8$P-QiP . 

g St .. I 

jRffS + jRtff 


w 


• >'“w+sjr 

How, if JZ5- ^ — <L fiieaiiixeDtff mff \nU not depandnnm 
tih« cninnt g, ■amilwtenm \rA nob asDend noon 13 m cnrient 
BnreibaqgomlinlldiBrfi), (jha^ifd/Q^ P/J^OMgBlvanameter 
dmeotum \nQ Iw tin aama wliatBVor tin oonditioa of tiie pnfh 
and, bharatoo^ vhaUwr fhn k ({7 f M cq^ or aland 


283. Uonmwmant of Galnaioineteiv BesistuuMk — 
!]3 ib most ntufaatoiy moUud u to ramovo the needle and 
taepSDBion in the case o£ a numng needle gelvainomelieic, or 
damp tin ecnl m ti» caae oC a numi!^ coil galnaunneter, 
and mBBBuie the zeaiatanoe m the xural vraj (Art. iffld) , 
ihiB neoeeattatea. of ooonek the nae of a aecond galreno- 
niefer. 

In Xebritt^B method onlj the gahanometer tinder teat 
IB enmlojed Thu galvamnoeter u placed in the o™ oC 
file WTieatatane Bnaw ocdmanlr ooenpied by xeaiat- 
ancetohemeaanred (8 u Eig 892), am a 1^ la placed 
in the nanal galTanometer bnumh. ^ gelTanometer 'mil 
be deflected Beaiatancea axe then aqnated imfS fie 
gatamumuter itfimitm u the mme wfteflier £ta "ktig r^itmd 
to u open or dosed , it u dear thal^ irlien diia u aot tlie 
posnta I> and 8 392) axe at Hie aame potentaal, and 

therefore the nsnu ealenlation may be appbm 

The jpnnc^ onderl^mg the logaci’Simio deocement 
method 'wium u appbmble to a reflecting galvanometer 
18 inteieabng flflie tenmnala of the galvanometer being 
left fie^ the li^ dec y, IB determined ataxiang the 
qratem oaodlatam, and notmg tito Mn pTitq d e a of anooeeaivo 
mnga (Art 190). The termmala are then joined aa by 



JSLBOTRXCAL MEASUXIEMERTS 


r = p?Lll^=: 


P'Cf 



vhere k ts a coiutant for ihepair of iuhes 


In detpormmmg k it is usual to allow for any diflbrcnco in tbe 
cross Bootion of tho tubes ns follows — ^Lot M ss mass of moramy 
required to fill tho longer tubo, m s tho mass required to fill the 
shortor tuboy = oroas Boottoual area of longer tube, 03 s cross* 
Bootional oroa of shorter tube, and d s density of mcreury , then 


Jlfs a|/|Cf, 


Now 


m-sM «i-g 


O2 V flj ^ / L fn I 


te. r = pK, por/K, 

where K=d(^ — M!) 

VM mj 


235 CompBxison and Determination of Eleotro- 
motiTO Forces and Fotential Differences. — One of tlu 
best methods of measuring and compani^ E M F ’s and 
P D *B JB that known as tlm potentiometer method, the 


r#f ® — ^ 



Fig 408 


prmmple of whidi has piaoticallj been referred to in Art 
282, Exp. S ^ke potentiometer of Fig 408 consists 
of s’even uniform wires, eocdi 1 metre in lensth, joined m 
W thiftlr copper hots, as mdicated scales ^nduated 
in xmllnnetres aw placed alongside the wires Ihe po- 
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iha induabon fi(A dunild l>e lemoved, otherwisB the 
onmntB in the two dinsbons nil not he e^nali end 
polanaation win ooonr 

(2) FiimtiruX$ MMoAf—A. better method, that oE 
]^Uspeitnc&a IB to sim^j oontamonB oozient from abattery 
as ™m«J, baTum wo the ordmaty Wheatstone Bndge 
oonneotionB, mcmdmg the gatvanometer, bnt to pass tne 
oozient fiist Ihioog^ a oommntBtor, iihieh u xapdly 
rotated by a motor and oontmosUy leveises the coizent 
flow, frlw at the same time the motor, \n means of 
another conmnitator, andannally lerearses the galvano- 
meter eonoeabons, so that the swmgs, if aw, ate all m 
one direelBon The galvanomBter omoint is wned a httle 
after the baUeiy oocuit and opened a httle eaxher to 
avoid mdoobve emsots 


(B) BtrouA-Bmimott JUSnoA — Thu u one of the best 
meumds, and nil be ondentood from Shg. 407. The 
reButanceB B and Q an 
made eqnal and veiy large 
The zenstanoe P u that of 
a tube of the hqiud under 
test The lesistanee R u 
partly thatof another tube 
cC the liquid esaeQy hke 
the fiiBt, except that it u 
mnoh shorter and par% 
made up ly an Bd]ukabu 
lenstsnee Tbu adjust- 
able resutanoe,r, is altered 
untd the (^vsuometer 
shows no £fleetian, m 
wluA case the zesutanoa r equals that of a nnlimm of the 
hqmd eq^ to the diGCeienoe m len^ of the two tabes. 
Thus, almongh continuoas ounrent u employed, the 

e lansaHon effects are the same in both anas of Ihe 
idge, them effect on the zesult is nliminafnjj Fnrther, 
if ^ be the length of the longer tube, \ that of the 
shoner tube, a me cross-seotumal area ii the tabes, and 
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more) xs cosnectod to tho two points betwoen which the 
PJD# IS leguiredi and the P.D, &r a known fraction of thm 
xesistance is measured as above, &oxn this the fidl PD is 
readily found, since foil <tf potential is ptoportumal to 
xesistwcOi Thus to measure the P D* between the leads 
CF (Pig 409) a resistance OP of 10,000 olms is inserted 
as shown, and of this a part OB of 50 ohms is connected 



409 Fig 410 


to the potentiometer, the high potential end 0 being joined 
to S the balancing distance from A be 1,250 mm the 
P D between 0 and B is *001 x 1250 = 1 25 volts, and 
the fall PD between 0 and P is 1 25 x = 250 
volts 

Sxp 2 To fneature a rgustanee bv poiemOmeter -^The 
mutsnao X (Fig 410} to bo meiuiirea » pnt in senes with a 
standard resistanoe S, as aconmidator, and an odjnatable resist- 
ance The P D at the ends of the unknown is balanced on tiie 
potentiometer, os m the ease above This is repeated with the 
standhird, and 

P D at ends of X _ (CtorrentmXXBes of J) ^ Res of X 
P D at ends of^ ” (Current in df) (Bes of jS) ScToTP* 

JC _ 001 X di _ di 
’* T " o6i X ^ 

where di and dL are thedutanoes in nullnnetres fmm ^ to the sfad* 
ing contact at the balances 

En« 8« To measure a ctcrreiiS hff the petenAometer — -Tito 
ourrent to bo measured is sent through a standard low resuto^ d 
*01, or 001 ohm according to cmnunstanoes, and the P D at 
tlie ends of this standard is measnred m the usual maimer ^hu 
F D. divided by the resistanoe gi^es the ourrent required With 


UBoxBzou icBABUBnnDnm 


teohonifitar mie is in Beries 'vxQi an amnuter AM (for the 
deteotum of naaj cnnent Tanabon dnxing the ei|peniii 0 nt)« 
adnghgj (P), and a hottaiT {S) of tbee good noonmn- 
lalon, the poubre pole of lihe latter being ]omed to the 
end J. of the inie 

The positive terminal of a Latuner Clark Standard Cell 
8 (EM.? =14S4voltaatl5^0.)isooiineefiedtotbeend 
At the native terminal bemg joined thxongha xesutance 
M and a sensifarre galyanomem GF to the ahoiDg oontaot K 
placed 148 4 eentunetres from the end A 

The F D between tihe pmntB A taA K produced br the 
battery S tends to sena a om - re nt Uooimk tiie lower 
branoh m the dneobon ASQEKt wlulst theBMF of the 
standard odl tends to drnre a onxxent m the opp osite 
dizectmn m this branch, ns m the direohon KS&BA 
By altering the oaneat m the potentiometer it can be 
arranged that the F D between A and JC ^jiven the 
prodc^ of tiie current and the lesistanoe oc due portion 
of thewixe) ueqQfdtotheEMF of theodlS, in wbidh 
ease no onrrent will flow in ite lower branch and the 
galvanometer will not be deflected. Thu is attained hy 
means of the dider Xt consisting of a short puyw of stoat 
wne hdd firmly on the potmitionieter wires ; the posibon 
of Z 18 altered, thus varying tiie total resistance of the 
wiras bn no defleohon u indicated , ihialiy E u zemoved 
for greater sensriaiveneBS and Z ag^ slightiy jf 

necessary bll there u abeolatebr no movement of the 
galvsnomster. Clearly the FD between A and Ku now 
1484 volte, end emoe the dntanoe AK le lASi miUi- 
metree, eexh nuDimebe of the wne gives a F D of 001 
volt 


— jr 1« 3b fneasm Os EMF 
jNlcndomfifer^atotibite fo the 

eeU to be tested, its — * ' 

Adjutthe- 

isnotdefle 

of the lAolsncdit is (OOl x d) \olte. 


a LedanM cdLhy the 
vuMHAozd oeU 8 the 
) to teste^ its pmbTO pole heu^g cxmneoted to the end A. 
It fl w yiB tuM of didt^g eoaturt KmMtba 

With the apparatitt of Fig 


^ ^ 'siHi me BpMTatiis of Vie 

^ ^ BiQ F.M F vp to about 5| \olte esn to nuasoM lu this way? 

D to be meaanred is a large one, sav of the 
yordee 200 or 250 Tolts, a high lautanee Cl^O ohnu or 


U AS&B 
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of the coIIr, keening tho total reiielftncc an before, and let 9, be the 
deUMtion If if| bo the grenfor and I.j the Ici'cr 11 M F , and if K 
be the mliiotion factor of tho gnUanninetcr, 

= K tall <l„ = A- tan 9„ 

t^horo li » tlto totnl rvfliBlAnco , liciico 

A’lJJj siJSLfi 

L\ - Li Tan 

• & =r iS!L£iJL!t!!!L?i 
** Lg " tan 01 - Ian 0, 

XSzp. 6 To eompnrt the A' Af i ^oof tiro ce!h bv the Lamden 
tnelhw ->Conncationfi nru mndc ns sho^in in Ktg 4\L and Jti and 
Jtj adjusted for no dcfluuon Tho 
reHislanco J?| is then aUercd to 

— v ond /fj adjusted to I?,*, so that again 

I j thero 18 no dcflcotioii If Bt ana Aj 

bo tho K M F «, Zfj ond /?j tne rcaia 
ft, G| . fanccs of tho celK and O tho j^hono 

1 "^ * meter ixsistAncc, then in t)io firat omo 

1 / J I— J uohnso 


' ® I 


Pig 412 d(*fliotcd, X 

B 

A, ~ ffj + /»a 

Simitnrty, in tho second ease— 

S-&1+A 

Et ~ Es' 4 Es 

'•JS',“K,‘ + /#,-{«, + If.) 


A’l = {J?, + if|)* + ff (* - y), 

ij ss (Hj + Ei)y + tify “ ®)i 

and, since the g»)ianoniolor is not 
d(>fliotcd, xny, hence 




Sn« G. To mcamie the BM of a ttll by the eondenter 
nethod— A oondonBor of cnpaoit^ O » olmrged uj tlio cell of 


d| « Ciinrgo in Oiso 1 ee CU7|, 
dt or CHiargo m Case 2 or (7/^, 




te* 





a&aoTBiau muBVBXKBiras 
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tiw dlKg 40B,{^TaiU>ouil)eiiwinred|BiidthiBst1ilu 
andi n m nautaaoB of (aiy) '001 cto mndd moan » onirent of 
6}/'001, • a amperea; tiina it la fioit large ouRenta oao be 
maaBined fa|y fata poteBtiometar method. 

To meMoie 1310 naiatanoe tfa oeB lij the poteniaflmetoc 
tiiB odl IB oonoeotoi to the pqlsabomelsr as m It 
aM da E VLB B u balBinfied Ha polaa aie then joined 
^ a lemBfamoB r, and tiie tennWl PD Y ia baiiaiiOBd. 
dUrlT E/7=d^dL = (h + r)/r, to I s= r (d, - /d^, 
irhen d, and axe rae belaausmg distaaoeB 

In a tihetino«eleotno oioait we deofaromotne ftnee in 
the omnnt under gnan conditions of temneratme maj 
genetallj he measined hy a smtahle modimatron of the 
potentunnetar method. As the eleetnnnob're fotee in flia 
enonit^ nsnsEj exprassed in mionwoZfs, or millifluthB of a 


IMW 



Kg 411. 
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minals 1, any unlmomi IJ M F 's to tbo terminals 2, 3, i, 5, 
and 6, and tlio double contact sintch at the centre enables 
any ot tbeso E M F *s to bo put into the galvanometer 
circuit The reader should carofuilj examine these oonnec- 
lions and compare them with those of Ibg 408 

Working with one Accnmulator it n enstomar; to standnrdise 
the instrument eo that the total P D at the ends of the jpotcntio* 
meter coik imd wriro is 1 5 volts. To secure this, the moiragarm 
At S 28 placed on stud 14, and the sliding contact C^at ^nsion 340 
on the scale , the centre suritch ts now set on 1, thus hnoging the 
etandard cell into the rahonometer oircmt, and the resistancea in 
senes with the coils ana wire are adjusted till the Balvunometer is 
Rotdeflected* Clearly the F D for each coil and for the wire is 
now 1 434^14 31 or 1 \o1t, and the P D for eodl of the 1,000 din- 
siona is *0001 ^olh 

Tho JC Af F to bo mcasorod la now brought into the gaUano- 
meter circuit b} moving the ccuUe switoh to the oorreiponding 
studs With Q on the extreme nght> tho revolving arm at E is 
adjusted tall two 8ucce<tsi\o contaots give dofieebons in opposite 
dircotions , E ts now placed on the stud of lower value and G 
adjusted for no dcflcolion If this condition is reahaed with tho 
arm E on stud 10 and tho slider 0 on division 616, the £ SI F. 
under teat » 

{(10 X 1) -f (C46 X *0001)} 

IS 1*0646 volts. 


237. Petennination of the Capacity of a Con* 
proceeding with this sechon the student 
should again the capacity and specific inductzve 
capacity detenninatums dealt with in Electrostatics (Chap- 
ter Tin }. The capomiy ofa condenser tn eledromagndio 
tintfs may be measured by the following method — 


Ba^. The oondensor is charged to a definite difieronce of 
potential, then discharged through a ballistio galvanometer end 

tho throw of the galvanometer needle noted The same difference 
of potential, T, or, as this m generally too greats a known finohou 
of V 18 then apphed so as to give a atea^ ooxrent through the 
galvanometer ^he steady defleotiOQ thus produced is noted and 
Gompand with tho throw due to the diaohaige The capacity <tf 
the c^enficreaa then he oalonlated from tbo ooustanU mvolved 
hr the oondiUons of the ezpenmenk 
In praetieo the condenser may be conneeted as shown at C/ in 
Fur 414> 60 that by conneotmg the points a, b, it may be ohargd 
up to tho difference of potential between the ^ Et on the 
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aS6. She CEomiito& Potenttameterr-^EhM » 


odkat 

diovm 


for aooorate jfoA and is 
K.«wi. ^-^wtiodlj m Fig 418. It cwuists rf a 
mie divided into fifteen eegmente of eqnal xatstaim 
(about 2 ohms) , fooiieea of these aie formed wo miB, 
&mr ends bemg cozmeoted to the muabered stads 
at £ on the rmlit» the fifteenth beiz^ a stretched wire 
Inng over a sow about 25 inches in lei^fth divided into 
equal paits^ thus the oods are peimaueiitijr pro- 



tected, and sbcmld the vnzebeooxae worn a new 

onemay besabetituted fo series with the pa^tiometer 
echb and wire 18 an 8 d 3 UfltabIe zesatanjoe; tms is diownat 
Q and on the leEt, and » for the purpose oC altenng 
the FD. at the ends of ^ fifteen segments so as to 
aeenxe a balance witli the standard m cueoit, it 
csonespondB to X and the bask two wizes of Fig. 408 Q 
is the sliding ccmtaet, provided with a spring ocmtaet and 
mioroineter adinshnent for refined 
The occumuktor is oonneoted to the terminals the 
galnmometer to terminds F, the standard odl to ter* 
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Tho exact nlation licUceii v ond V, n<;^uming E lo boconotant, can 
time be obtained, and tbe tainc of C'dedneed ne above 


S3B. Comparison of Capacitios.— TJic capacities of 
two cotidciieots may lio rcadilj coinpaml bj means of a 
ballistic ^hanomctcr. 


Sxp 1 Jb tomp’in tm nyyicrfi« hy it ht/Mic ffaltviionifltr — 
Clinrre the fin,l condinw b^ n bittvi} of cointant J* M 1 E, and 
then di'clianie tiinnigli tho galinnonictcr. lloncat with the semnd 
condenw Jf Oj and C* !» Uie cajiacities and d| and d. the tot 
RKinsB oorrcolcd for damping, tho quantities dieeharged aro £t,j 
and EG,, nnd - 

EG, _ C, _ d, 

wre,-^ 


Tho nccutacj' of tbo result by the above method en- 
dontl) depends on tbo accuracy of obccnation of the 
deflections— and cspcrimcnt slioas that tlio errors attrnd- 
jiie tins observation may bo considerable It is found 
tliat much more acenrafo results ma\ m all cases be 
obtained by null or sen methods, m wliicli the measi^ 
ment depends upon adjusting for no deflection of the 
gabanometer T«o of the best known null methods for 
companng capacities are given hdow 


Em 2 2b emjure tim capaeiltes by the WhtiMme Bndgt 
or roertid-ln Fig 416 E, is tbo condenserjihMC 

or ue mug o capacity G, 18 rcqmred, ond 

A Btandford oondenser of 



capaoitj) Gi Xbc rcsistonoes 
Jli And Jit ire adjusted until, 
on mailing contact at a and 
ebargiog uio oondensen^ the 
galvanometer is not deQeo 
ted this u so. tbe 

potentials at B and O an 
equali and since i) is a com- 
mon pointy the P D on the 
condenser JTj is the same w 
that on tho oondenser JTt 
If r bo tins PD, ft M® 

AiifL,<4m /in ST*. And the 


Pig 4W 



EZXCTBXOAIj UEAflVBEMSNVS 
•xtand oumdt of • 


looting Of ft it znftf be dinh 

n a bo the mt imgalBE tbxow 


HT^ « 
’iJ? 2 - 


or 0 « iU- — 


mbm 
ThetUt 

vhfliro Fib tho difltmme ol potaa- 
tttlbotmoa^ and 5 . 

Xo detanniiietiko voliio o£ HfVQ 
hucbt lot the poiiitB bo ooa- 

dmM 10 that a Bteodj ouxtont 
poem fimm A fo D throngh the 
gplTBoomoteTi •wd Ist 9 denate the 
pemuEiittit ongdiBr doflontaag oC 
tho BBodle &aa the ouzoat i h 
giTon approximately by 
• S , 

t.y 9 



I ■ !■ ! ■ I 

Fig 414 


But if the lenatanoe of the ^Tanmiietec bcaneh, n ym lam 

oompaced with r, the xeauteaoe Detveaa A and Avehave t « ir/% 
whmo denotes the imtul difoeooe of potential between ^ and 
AleO i if A the zeauteiioe between D and A ^ lezge compared vdh 
ri tlira 

-F, and - - ** ^ 


Vas . 


XhatUf 


JTP 


5 + 77 * 


*(i? + r) 5 F 

SabaUtatuv^^ ^ xesolt obtained abora we get 


" iS-* 




‘Sr ci + rlS» * ir 
when d| and are linear defleoticiDB on the gslvanometer ao^ di 

hemcr nonttiiteA for darnmnir 


r Boonnte when r la amidl oompaxed with 
•mUtion we have 

"STrTS^* 

where ir la the deotxomotm force and jB the internal nsiatanoe of 
the 110110171 and _ 

where pa 




?+y 
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until the galvAnomcter abou a no (irflooiion When Uita adjustment 
19 modo YTO Jmro 



nlicrc S in the enpicitj of tho atondnrd ooudeoser 
1 1;* 417 sbowA diAgrarnmAticnlh tho connections for performing 
t}iu Uirco opcmltona of (ho methoa in npid eequcncei. % pressing 


K 



Tig 417 


ro»n»crcr the gelveeo 

0 using « PoM'e comnintator without ^croM thm 
and ^/T^ntaotB shown in tho disgreia betireen the eon 
de^sw cen cs^ le offeotod nt one opcmtion 

T« ttiesd tests koTS, etc , should he tfdl msi^tod s^ 

ws^tSSanoiSndStiTB ajedetemmbonofcspaci^T 

hy " oBCiIhitions ” » rsfaixed to m Ait 818 
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BQtQ|]it8]^BdthRni^i{|andQstliron|& JZiin the aamoshorli 
interval of nms. and nnoe tiu ennent diTidea tnversely oa the ra- 
nifcu^Qi % = 

The oondenBen are duehaxged hy monsg the lay to the oontaob h 


Bxp. 8. To compan two oqiaeihes by (ho mdkod ^ imslffree 
or JEwm'e mtfftod —The pniw^ of thii meOiod la ahown m Fig 
^ 1 ^ oontoaer 0 ia ohaiged to the difimnoa of potential 
between andJS. andtfaeoondMkeerFtoibediiftreiDeeofpotentaal 
between B and O By 

a4)natu^thBieButaiiae8 C 5 

P and Q theaetwD di8e- 
tenoeB of potential can 
be node to have the 
mvwee ratio of the 
omoitiieB. When tine 
ocQnatment la made we 
have 

jlKb_ 8 
or 

aFb as 8^0 
that iB| the omicbiiaere 
poeaeM eiwal ehoma. 
andamoe 



oVo 


P 


we endently have for tfala adjutment 
or Os^F 


Unordertoteabtheeqnalily of the dhame the oondenaera after 
dhanpng mnat tet hare their oppaeiteiiy dhaxgpd ]^tea 
BO that the two oboxgea an "xnixea ” eira tend to nentnlueb 
Then immediately th» **]niaiog** la adeotad the qqq. 

deoaera are diaoihaiged throi^ a aalTanometer H the "H Twea 
Mote **muang” wen egnal the final idunga after mtging 
be zarOf and thm will then be no deflection of the golvanometn. 
ue Qperationa fherefon oonaiat of ohai|mg^ and dia- 

ehaiging throngh the galToaometer, and P and Q an adjnated 
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. Ites ZB _ -B 
" ’B/a Ad + Kes i>J? “ P + B' 

vhere r = the resistance of the two cables in senes Thru, 
knowing the lesistance per mile of the cable, the distance 
BZ cortesponding to the resistance BZ is ascertained. 

Test for No 2 If the broken end of the cable makes a 
good " earth ” the free end is 3 oined to terminal H of the 
Post Office Box (Fig 395} and terminal 0 is earthed 
Since 0 and the broken end of the cable ate both earthed 
(zero potential} the^ ate, from an electncal pomt of neir, 
Tn- tnaJly connected, so that the cable conductor from the 
free end to the break takes the port of S in Fig 808 
The resis^ce is therefore measured and the distance 
ascertained in the usual waj. 


Tettfor No 3. The intviahon rentitmst B from the free 
end to the break is measured (Ait 230) and the distance I 
found from the idation of Art 159 The em^itg G 
from the free end to the break is also measured (Art 127, 
Exp 8) and the distance I found from the relation of 
Art 118 (For exact details see Ttfflhwcol Elwfriezty) 

It may be mentioned m passing that smce resistance is 
as the ratio of P D to cuixent, several mmsheal 
resistance teste may be peiformed by the combined use of 
a smtable ammeter and voltmeter The hot resttfmee of a 
alow lamp, for example, may be determmed by inserting 
mi ammeter in senes mth the lamp and a voltmeter ^ss 
the lamp terminals If I be the ammeter mdmg, 7 ^ 
voltmeter readmg, and B the resistance ^tte vidtm^ 
under these conditions, the current ta^ by the volta^ 
IS F/E, ani therefore, the current m the lamp is i - F/B , 


P D at its termmals _ 7 

Bes of lamp — Current m it ' t 7 

B 


Vm a descnption of vanous "commeroiBl" 
sien^e rtudent should refer to ToAnwciBUeineitp 
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288a. Petermination of Oaible Faults.— Thiee cable 
faidta mU be bneflj doilt mth, 'ns (1) a breabiovn in 
the niwihfang coveniw only, the condootor remaining 
mtaot, (8) a con^lete lnea£m\ni in botii conduetor and 
inimUting coraiiag; (S) a Inealidovn in fbe emdootor, the 
insnlatang oorenng remaining intact. 

T^far No 1 Let BD (Fig 417^ lepxeaent the cable 
joining tiro distant statuma X ana 7 and in irbich a 
paxtudcariheBBtB at7 At 7 the cable is “looped** to 



Fig 417a. 

a second one AO also rnnning between X and 7, byacon' 
doctor OB of ncgiinble leautanca !l!he free ends of tiie 
cables axe coniieam at the test station to two adjustable 
xesistanees P and JB ; a aenaitivB galTanometer Q joina A 
and B thioogh Ihe key L, wlmab the jnnohon J* is 
eonneoted fhnragh K to the battety, the other pde of 
whieih is earthed. 

The enangement ia tons eqni'v**^^ ^ ^ Wheatstone 
Bndmtheaamsb^ P-A-daZ)7and UP 
andSbenowadjosteC BoihatonoloBiiig K and thm Z 
Ibe gahanometer is not deflected, we have — 

P _Bes dO + Bes BZ 
B Bes iB ’ 

hanM P + B Bes AO + Ees BZ + Bes ZB 

— g Bes ZB ' 
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EEBOTEOMA.GHJBTIO INDUCTIOIT 

239. Fundamental iBa^erimeutSi liavs of Eleo- 
tromagnetic fiLdnctioii. — la 1881 IVucadaj descsnbed 
expenmantB wlieiebj he dearly estabhshed the &ct that 
whenever the flow of induction or number of tubes 
of magnetio induction throngh a circuit is changed 
an E.1II F. is dev^ped in the circuit, sndi E M F 
Idohng only vihile the change %6 toMng plaGCf dectro* 
motiTe forces and currents produced in &is vray ate 
spoken of as induced electromotiTe forces and ounents 
respeotivdy 

The mastic induction or flux through a cireuit may 
be ohangea by vanous means, eg hy moYxag a magnet 
m the Ticuuty, by changing the current m a neighbour- 
ing mrcmt or rdatiTe motion of the two mrooita, by 
changmg a current in the micnit itself, or by suitably 
moving the circuit in a magnetic field 

Ei;p 1. Motton of a magnet --Gomieot the ooil (Fig 418} to a 
sensitive galvanometer some distance away Include a Leouuiohi 
cell and a rcsutonoe in the mromt and note the dueotion in wh«h 
the galvanometer is deflected , letit be tesy) toiheright While this 
oonent is flowing, test the pdanty of the face of the oml towards 
the left, let itm (say) a north face. Hence we know that Tilth 
the present oonneotions a deflection to the r^ht indicates (hat the 
onnent in the ooil is making ioee towards the left a north, and 
IB, (herefore, oounter (dookwise viewed from this ndc Fvidenfly 
a tathol^mll indioate that the face on the left is a 

BOttih face and (he cunent olookwise Remove the cell ond the 
resMtanoo . 

^ jina 
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EmoIsM ZVIi 


(1) Demmbe aome method of detennmnig Moonteify fbe Bpedflo 
teeietanoe of an deotndyte (B E. Hona ) 

W Bz]^ui and prove Manoe^ method for tiie determinaban of 
themtei^ xeaiatanoe of a galvamo battayt ^d find an ea^cea- 
aion for the value of the onrrent through the galvanometer 

(Enter BSo Hona) 

(S) Baaonbe oexofally hov yoa vonld nae a potentiometer for 
meaannng oniveDta Boir vonld yon adapt it tor nae vnA large 
aadamairflnrrantarBifpeotiTdlj? (BSo) 

(4) Daaonhe the beat method yon knmr for detenmniim the 
mtenud naiatanoe of a battery ^ Sou) 

ffi) A Tnuatatono Bnto u enmloyed for the meaearement of 
m xeaiatanoe of a vrire liiaoiiaa the beat anangement of oon* 
dnetora u order to eecnue the greateat aenaibilitiy, and ahovr hoar to 
detonnme the ouxent m the galvanometer m tonne of the eevexal 
venetaiioes vben the bndge u not belanoed 

State Knnhho flPa lawa for aqratem of Imeer oondnetota (D So.) 
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the seme direction se those beuig lemovedt 
therefor^ to oppose and cancel the decrease due to the 
mthdrawal of the magnet 

Again, moTing the magnet (1) qnioMj, (2) slowlj, 
it *mll ho found that tiie deS^tion is more pronounced m 
the first case , we may, therefore, infer that the y^duoed 
EiHV.F* and ounrant depend upon the sate of change 
of the flux, being greater the more rapid the change; 
the induced current also depends, of course, upon the 
resistance (see below) 


Szp S ^e^ion a neisi&toiinnp etrcmt (miUwd indtecjioR) — 
In 419 AB diagrammatioBlly rquresents a ml of wire joined to 
a galvanometer, it is referred to as the mondary etrvmf CD 
represents a coif m senes with a battery and , it is referred to 
as theprtmoty mreinf 

Now start a current in the pnmaty xn the direotioa 0 to P and a 
momentaxy defleotion of the galvanometer 
will ensue, showing that a oorrent is induced 
m the secondary in the direotioa P to tte. 
opposite or anverse to the pnmaiy omrent, 
it idioiild be noted that starting a onrrent m 
the pnmary means increasing the flax m 
the seoondaxy, for the flux in the pnmaxy 
naturally leawes over to &e secondaiy oireniti 
Switcm off the pnmaty current, and a mo 
mentaiy defleotion of the gslvnnonieter will 
follow, indioatmg a secondaiy onrrent xn the 
direotioii ^ to P, t e in the same direction 
as, or direct to, the pnmoiy current^ and it 
should be noted that stepping the primary 
current means deoreasuig the flux in the secondary , 

Similar^, increasing the pnmaxy current or momng it nearer to 
the aeooncu^ oirouitieBulu in an wtuerBe current, decreaeing the 
pnmary onirent or moving £1 away firm the secondary oironit 
raaults in a dtreU omrent 

Erom the precedmg wa arrive at another important law, 
m An increase in the flux results in an andnoed in- 
verse current, whilst a decrease in iJie flux results 
in an induced toect current (Increase — Diverse Ee- 
'crease — Direct) This u quite m agieement mth Itos 
Law, s g if the pnmary current flows ftom c7 to J) saa 
the TxaDtttY 18 moved nearer the secondarj, the mducca 
secondaiy current flows fiom JS to A, these two parallel 
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QrnaMy marfe flU norfill polo of ft mBigllBt (Fig tiS) • IfiB , 
vanomatwwiU'todftBea^ diomiigtliftt ft onnont u lui I m 
Uwooil ni^ fhft dueebon of de&eotaon, 
whiob m ttu can tnll bo to tbo nj&b 
Hold tbo ma^iob m the eod and the 

£ 11110010100 will oomo to not^ Amttng 
* fit wdueed earrmU n noimiiteiy. 
faalaw OB^ nMh (ho napncf to moonig 
QaioUp enQidiftv tiio nocth wdo^ and a 
nomontary defloohwn to the loft enU bo 
piodnoed BUmlaily, maerb tiio aontii 

e ft and tbo momentaxy dofloobon triU ifmm r <iiiiiiii»irii»Mftrf 

to tile lolb. mthdiaw iti and the 

Fig 418 



Motioa of Magpfife 

XhreQtumof 

Defleoboa 

Indiioed Gn»ent 
inekeBimrBkDBa 

N pokmMrfod 

H p^iRPxthAwvm 


NorUi 

Sooth 

8 pole nuartod 

Left 

8oo^ 

8 pole vitlidnnni 


Iteth 


From the preoedmg m leaxn tibat when the ninih mle 
la nuertel the iodniied eorrent has snob a direotion Sift* 
the faoe of Ihe ooil i^pproacihed u a nor& £b^ w&ioh, 
fierglbn>, faacfs <0 ft«fiurfion^l 60 iiu^r>Mf Wi^ 
the nmA poku wimdmwatheiiidaaedocBnsithassaoh 
a dueotum that fins bee is a smith face, whuhifhereEaiQ, 
foadh to draw As mognaf booh opBin, and so on ‘RTe gm 
we hare the nnpartant law hnom as Xiena^B Ximr, vis 
She direofeioiiof the iadiued ontxent (and E HEf .) is 
Budi that it tends to oopose the motioa ov ohaage 
vhioih poBodnoes it. Fm&Bir, it will he seen from Fig 
418 that when the north pole approaches the edl the 
number ol tohes Ihxongh Isner is hemg inmwiiJMid^ 
and that the induced cinrent has suoih a direohon *hftt- it 
snes use to tohes thxon^ ^ coil in the opposite 
oireehon bo those doe to the magnet^ tending, fherefoie, 
to qgpose and oBnoel (he inoreasa ihie iothe magnet 
When the pole is withdrawn it wiE be tonnd that the 
tubes thnmgh the cod doe to the indnoed onnent are in 
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also qtdte in accord trififaL Lenz’s Law Xhese e&cts are 
knom as "adf-indnclion.” 

From i3ie preceding it will be dear that Bdf-indnotaon 
bdiares in a cmsnit like inertia, e g when we tij to pro- 
duce a current in a cucnit this sfu-mduetion or merhs 


tends to choke the current back, and when we tiy to stop 
the current this self-induction tnes to make it keep on 
Farther expenments mdicate that the inducfore effects 
in Esps. 2 and 3 ore moreased if the coils be wound upon 
an uun core, t'le e&cts being in fact proporttonal to the 
permeabihtf , this mdicates that tt ts He Hange tn the 
magnetie wduetion, not the change in fhe magnebe force, 
whid is the quontitf inrolred in the eicperunente , of 
course in air (stnoQj m racno) B and S are numeneillj 




Fi? 431 


equal. 

In Esp 1 it is indicated that the induced EJO* 
upon fhe "rate of chai^”— -strictly, iy»» tie 
rate of change if magnate wdueiton ; this may be 

more exactly as follows LetJrQ 
^ (I^ 421) be a copper bar cam- 

.Pi ble of diding along the paralld 
"7^ BELO Ida! ¥ copper raib SP and BQ, and let 
B[j(ftVNWAS D5 p i ^ battery joined to S and 

"X ^ S Let the arrangement he in mr, 

and let E denote the intensify of 
Piff 431 the Terlacal field, supposed uni- 

fonn flpplicatioii of Hem- 

ing’s Left HandEule (Art 170) to 

^ to more m the direction inicated , let it move 

tSaoaeli a small distance dx in tune dt seronds 
“Sr since ff is the number of unit tu1»s per.sqnaw 

Stance between the rails, 
tubes cat during 

the circmt the work done is IldxB (Art. i/i;. 

^ g xrork done — IldxHi^JdF, 

ubere dF denotes the change m the number of urat 

a. tb. » 
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ounentB, liemg m i^posiiB dirao&sB, xepd eacit o&er, 
ao lihai the tendonoy u to dme {he primaiy back again 
Forliher, hj eonadeirng the tax as before it mil be dm 
that tto doe to tbs mdnoei coixent is almja mob 
BB to orooie the ohaam in (be flex dt» to the pmnaxj 
It dunud alflo be notd that not oidy does the pnemy 


1^ pnmaryj hence tibeae 


V Sbvivvw aa^^va* 

axe knotm as mutual 


8 Ctorotf ehangu ta ikt omta tia^ (aet^iiidiicfioii) <-* 
hiFkg 4toPQuaaolflnmd,nahattoiy, (7amiaiiom86n*,a]id 
akwartaagedumdioatal Okan £ and ufilni the ddeotom » 
iteady daoe a Btxm agatait the needb 

at ii Opeo K lOn agun doniig K 

tto needle vih to mmsBiKtatil^^^ 
beyond its fixed posituB me indi* 
sates that at the moment of stsrbng 
tile mmoitu the mxout the sBhano- 
meter omrait u gnster than the soc^ 
mal, doe to the fiut that theca is a 
momenteny mdnsed prees o re k the 


psiLteto the oocnnt^ ' 




snceases the pactum tbroDgh 
OpmjS^andplBMastap sgsmstthe . 
nseolemiti noansl pcMtion, 1 1 atn sSO 

On Qpen^ J!r tile needle 

uiU to momentsnly dmeeted m the opposite direotion Hus ni- 
di^ that uhen the musent u stoj^ there is a nmentarT 

UMttGsd OQBSiit m the idenoidmtim same dueofson as tto onmm 
ennenLi a fxm P to Q^hioh, thecefon^ passes tinoBsh 
^oppoBrndneotmiiy rto A TramdReedsanrent^atbraskiintha 
SBim dunetion as tim original ime^ u edkd the «* exCrn merrvat ” 

Thus from the ahovo and modified eipenmantg tro \tuam 
thatvbmaan^isstBitedmad^ or when an 
eaibng u moteued (flux iamBsag), an oppomur 
WMUwrtaJSflfJ? isjudocea-ffluch letairda tin 
the when a cnitenli u a CKomt is nm]^ or 

namA Oba. itermmg) a dmd emrmt la indu% m 

unmtnesamediiwlmasflieoaguuil Biathislalto 
a^curr^ wlnch ftMuenajrgivea nae to a“aparic 

at brealc It till ba furfli^ notad that tiheaa zesults are 

U UtDS ^ 
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IPuztber, if there are n tarns in a coil acquixes the 
above S lil F « aad sixice the several turns are lu senes 
the total E M F IS » (Change in Btix)/Tme in seconds 
The product of the dto: through a coil and number of 
toms IS called the effective fivx or the linkagee^ hence 

LxdnoedBMF = Change in eflEeotive flnx 
Tune in seconds 

_ Change in linkages 
dhme in second 

Example A cod of tcire ts conneded to a galvanmdert the rent 
tance of the ml and galvanometer beviffSOO and 400 i^mreepectttdy 
The coi^ IS inored m the Jteldg and at a given metant there art 20^000 
tend /utes through whilst itf aseeond laterihe number 182,000 If 
lAcre are 100 £ums in the cod find the average EM F xxnd current 
during thw period 

Efieobre flnx or Imkages at the beginning of the fame in question 
s 100 X S20000 = 2,000,000, and ac the end of the tune = 100 
X 2000 = 200,000 , hence ^angem e&cti'ie flnx ss 1,800, 000^ and 

Average induced E M F. = ^ 

and Zndneed enirent = ampere 


240. of Eleefaicity get an SEotion by fit- 

dnotive Actios.— Let the dotr of induction through a 
circuit be denoted hj F If at any instant to ha>o an 
infini tely small change cZF m this flour in the infinitely 
small time di, then, n^lecting sign, e = dF/dl 
If E denote the resistance of the circuit, the current 
dunng the time dt vrill be given by 

B B IP 

and the quantity of electricity set in motion dnnng ihie 
tune tnll be 

I 

ItfoUows that, for anj finite change of the flow of indaction 
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l)0Doe JBIdt s: PJBttt 4* -Zclff 


.‘.IBttt = SiK-dF, 

»e 1= ^-L-, 

and tihe El£ 7 . of the cansoib u opposed ^ aa 

BMP. eqpal to AFji^ te s£ e deaote wb manoed 
BMP— 



thna the indmed EJEJP. is eqiial to the sate of 
ckaagB of the munlieir of unit tabes thxeadisv 
oiscnit. 

Ab pravunri^indioatedi “xateoC cOuaund thaimmber d unit 
tobca of indnotioa ” is reaw implied^ %t,B dundd zeplaoe ^ m the 
preoedingi and dFdioidd denote the diai^ in the nunher d nmt 
tnbea d indiioUon ; the expenmenk howam. xe m sir. 

Agaixifl Binoe dJF^lEtax^dPIm^inda^ia and dxfdi ia the 
Toloaly vd PQf hsnoe 

e - - ^ s _ Ifiv 


An eiamnation of Etg 421 mil dunr fliai m suoli a 
oan BB the one oonnderM ^ duectiaii d tiie iwawM^ 
EMF. mtIielwrPQ(«u Q to P) u teadilj gnan by the 
fdUomng rule known ae Flenung's Bb^Bnle* — 

EM ih» thmnb and fhtfint tmo fiagm tf fka right hand 
matadUg at ri^ erngha Flau Sta jdr^nger ia fl« 
dmdbm ft. Ime* qf forw and ham the hmd n ttal 
fha fhumbpmBta ta fha dmehm notion The temad 
finger vM oonrf {» iko dmetim rf tte uuZiieei SEF. 
(o^ ladmeA eurreiit) 

For calenlntion pniposeB it u well to remember tmT” 
nnoe os — dFfdt we may, negleeting sign, wnie — 

Induced BMF. = (em units) 

Tnueinseco^ v 




EX«IS0XB0UAGN£T10 XlTDiroXXOjr 

foeitun) dong (he vpper half of {he eotl The dneobou of 
the induced ourrent is readily determined by the anph- 
cabon of tiie rules of Art 289 ^ 

During Ibe next GO* of rotation the effectiTe flux tnll 
endenfly mmase fixnn zero to SAB, and the direction of 
toe induced current mU be from east to west (for toe 
feial position) along toe uOTer half of toe cod-'toat is, 
the cuTTeTit mil still he in the same dtirectton tn the eoxlg 
for ^ihongh its duBohon in ^aee is rsversed, tibe poBition 
of the ooil 18 amulatlj reversed by zevoluhon, so fliat the 
dueetiou of the corrait m the coil is the same during the 
first 180^ of revoluhoxiy starttng fcozn the position m which 
the flux through the ooil is a mn-Ttmnwi 
During the next 180^ of revolution the same changes in 
the flux will take place as desonb^ abovGj and a eunent 
will be induced vn the oot{ in the opposite direction to that 
induced during the first half- 
revolutaoDi owing to the latocl 
reversal of the coil by half- 
revolution. Hence dwnng etuh 
complete revolution the dmetwn 
ijf me tndnieed ciwrreni ehmges <u 
me ml passes trough ^position 
at right angles to the dvreakon of 
field 

How let Fig 422 represent a 
plan of the preoedmgi aB being 
Fig 422 the ongmal position of the coil, 

ms at n^t angles to the fidd 
The efEactive flux through the eoif in the position A3 is 
BAS and the efiEective flux F through the coil when it has 
rotated through an angle a into the position 0D is given by 

F = BAS cos a, 

For the induced E MF. at this instant we have 

$ = SAE sm tt 

at . « 

aud MUM da/dt « toe an gular rdooity u — 

« SI 8AEt> sm a . • (I-) 
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and tho maximum A<duo9 oftlio uduccd E M F , tlieavaraga 
ZS.3IiF. nia^ bo simplj fonnd as fol!o\tB — Iin<igine the coil 
lo rotate through 9&° Iiom tho position AS to tho position 
SF Tho flux through the coil changes from SJS to 
zeio, henco tho change m the flux in a quarter torn is 
SAE The quantity of clectncitj set in motion is there* 
fore 8AEIR , hence m one complete re\ olution the quantity 
circulated mil bo iSAE/B, and if the coil makes « rerolu- 
tions per second the quantity per second mil be 4ai8AEIS 
Smcc, however, quantity is equal to average current mniti- 
phed by time in seconds, wo arrive at the result 

. AaSAE 

Average current = — ^ — 

and Average E.2IIC P. = 4nSAJT (S) 

From (4) and (5) it follows that the average E M F and 
current ato 2 / 0 -, ie 687 of the summum E.SIF. and 
current 


Exp. To dtiaviitte tht angle <ffdip hg tndneed earrsate -Sot up 
a coil ns nbovo, with its plnno nt nght angles to the mondM, nno 
put in series with it a ballistio galvanometer QmoMy me 
coil throusdi 18^ about a rerbeiu axis, and note the throw ft of toe 
galvonoraW If iT bo the honmntol craponmlj «ie « 

Wo efleotivo flux 18 SSAff and the qnantit} induced is 2S4ir/il, 

2SAff^g 

Now ormugo Uioooil m a honzontiil iS®s “Sfthf 

m^ium in the nifn diAn, agam turn throuj^ J8(r and let ft be the 
yntao nm tnejnen^^^.^B tj,B yertioel component, it is 

dear that tho^ntity indueed in this case is 2SA 7/B , henoe 

?S^«ft. 

Jt ^ 


ton J> : 


u V 
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A p um , if T be the tune of <nieFeTi]lutKm, m = Sir/S', and 
if f be the tune taken to rotate thxoogb the angle a, Tfi 
=: Sr/flt, i e> a =s 2adjT\ heiloe 


e ss 


%r8AS 


Bina =; 


%^8AS 


am 


(**') ® 


T ~ T 

Fortiber, if lUia ooil makaB n levahduina per noond, T 
= l/naod 

e a Sirn&JLBT ria a (8) 

^Bteee axpresBumB dre tiie iBstaataneons -value of tlie 
iadnoeA E.SEJE'. OleBilT the E M F iriH have its ntoai' 
mamvolKS irben am a si, le whea a = r/8 or 8r/S, sad 
^ooilliliflieEoiemtlisposituiaEF; tbsEMF mil have 
ii8m{aiimHnn(bt«(vu niD)irhea8masO,te -trWasO 
or ir or^Sr, and the coil tiierefiae m tl^ poBdun AB. 
Again, unce^2vt/2' s a, fhe laanHinni Tains ia raudisd 
TrSen ir^T ia eqnal to r/S or Sr/2, t a Trhsa t s iT or 
naaaxJj the nmiimnwi tsIqb u xeaohed TrlmL t s 0 
or \T or T, Foitber tcs have 

Maadanun B.aLF. b SAMn s ^^AJEL 

T 


< SffftA^JET 


( 4 ) 


ThemataintaneoiiB E 31 F laafrom the nbofgia, 
to tiie aue of the ^ angle deacnbed fEom rao 
position and the Taxiation of thiiy 
BhlE during one conmlete ze- 
Tblntion ia zegreaented hj the 
aine mcmotfiig 428tOrdniate8 




the indnoed E h[ F. in one dneo- 
tion, llioae hdov, the induced 
E3XF> m the opposite direction. 488 

The mdnoed eartent u obtained 
ftom the ptece^g espresnona ly dividiiw hr E the ra> 
aiatamc e of the drenit , it the coil tea no s^ -iiianntT^ 
^mt (dotted curve) Trftt vary m the aane vny as the 

In the preoeding vre have dealt vnth the nt«faif itBtMnnn 
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At riffhL onclos to tho fiold Quickly tnUidran it from the field 
And lot bo bho tliroit of tho gaUanouiotor Tho offeotiTo flnx 23 
wF I and| as this is reduced to sccro when tho ooil is unthdmwni tho 
induced quantity la ^FfR , lienoo mPIR oc !nius wo hare 


2SAHl8aF 
M 


fsaF dj 

iT-t 


or 


2SAH A 
8fiF “tfa’ 

ttt O] 


Am S IB known, F la therefora determined the etuth 
inductor need lu this expenment maj be looked upon as 
a standavd earth inductor, semng to shmdazdise the 
observations inken with the small inductor acting as a 
tot coil m the unknown field 

Another inductor, known os the standard solenoidal 
induotox, makes use of the unifom field in the mtenor 
of a long solenoid as a standard If I denote the current 
in absolute umts, the field m the interior of the coil is 
given by 4>r^, where n is the number of turns par umi 
lengOi of the coil ^ inductor for use with ^ field 
usually consists of a few turns of thin and w^ insulated 
wire wound round the outside of the solenoid near its 
middle point, The induction throw is obtained by » 
versmg the current in the solenoid If »*, a’ denote tte 
number of turns and area of the inductor req)eotivdy, 
and I the current in absolute units, then, on reversiim 
the ounent, tho change m the flow of indmtaon through 
the mductor coil is a(4>mZ)tt'o', le Bamm®, iraa the 
quantity of electricity set m motion is ftmln a/B, wl^ 
B IB the resistance of the arouit m which the mductor 
IB nlaced If I is measured accurately by meaiB of an 
oumeier m the solenoid circuit, this inductor may be used 
for Btflud n-rdiBing the observations of a tot inductor 
placed in tho same ciicuit with it 

Bxj, To dttemino (ho 

mfSU « quite Bteadyreven* 
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ihB qQBiibly oEeleotiiinbj’ Betmmofbonma BrntaiUstert coil 
<« ladnetor, lij caddenly xemoniffi it from tbe field or bj 
TOtKbng it throng 18 (r m the field, as dcecnbed in fibe 
case oE the earth inductor 2 Sie teet ooil u connected m 


encDit mth a baUutio galvaiioiiieter, and 1 ^ noting the 
throir of the galmoonieter needle nndff definridj atxanged 
condone bom eomparatne and absolute mefurazementa 
of induction may be made The oon^naon of V and S 
£or the detemunabon of the dip, as given in Art 841 , is 
a annole eoample of thia method of compaziaon 

hoTOTer, ire uiah to conmrae two magnetie flelda of 
vmy difEerent mteiinties a dsfezent metmid has to be 
adiqited. In compating, for example, the honsontal oom- 
pount of the earta’a fidd ^th the field between the poles 
of a strong dectromramt it is neceaBBty to use a diffietent 
mdnotor lor eooh fimo, and the oompanaon thereCoze m- 
valves the oonatanta of the indnetmB. The efbofivB axea 


of the mdoetor for the atroi^ fidd may be — bat 
eSeetivB area of the earOi mdoetor mnatra huge on aooonnt 
of the low intensity of the field- TIia geneial method is 
indw a ted «i flm er jawwMmt a lM»iwr 


Itaholild he amon mted, howmar, tint thoBB mdnotaon aspen- 
nmitB zdato to tha imlaeOMi m tiw field, and not to tin magnatn 
fUMdmoQy; If, hoimar, tin ohaamtmiB an mada in tha aama 
iM di nm , and if the penneobilito of tin nndinm does not vaiy vnth 
tin intenaily of tin mognatio nud, than tin indnotion at any point 

la dinotiy prqpoitonial to tin mapetao field at tint poi^ and tin 

mtaoofany twondintian valnea thertihndetenninea thantioat 
tin ooneaponding fidd utenaitKa That la, if J3,/^ » i, 
arnca A b ■**»* /i ie a ameUail, m have 

e or SilMt B I Tin value of fi for air la taken aa 
nmfy and npnutuuly coiiBtantk 


Todettmissaeilnn^tifas/ddlttmmaspohi^ain 
metnmuiput, vsmg a afoadard earA tadiietov—Fhne a amall teat 
cod(eannBtiagofa tana eadtof aiaaa)m aenm with a 
galTMumieter and an aarllh indnotor (oanriibitt of i?tarni aaoli oC 
ataa id) Srt tba aavtii mdnotor at n|&t aiUM to iho mendnuia 
mol^Kvtateit tlttDDgli 180^ about a ^artoSLam. and latdtbe 
m of the galTanometer Aa before, vobaTa2SAa/JB« 

vhan A II tha reautaiice of tha ouooitaiia H tha hociaoidal 
ponent of tha eartVa field 

Place tha teat oultn tha field Cff) to ha naaeoradp with ita plana 
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359 cp To dtUrmnit the constant of a batlistic o^idvanom^cr^ 
using standard soltnotdal inductor ^Tbo arrasgement ss in- 
dicated in Fjg 426, \ihero BO » the ballistic galianometer under 
test Switch on the corrent, and 
when BO is quite steady revene the 
oorrent by means of the key K let 
a be the first angular swing Assam- 
mg a gah’anoraeter of the moving 
needle tjpe, if Q be the quantity dis- 
ohazged-— 



where I is the constant required. 
But (Art 242) 

8si>/n'a' 


B 


^em 


ihi)- 


SmlnW 


Jt 


te 




SimJnV 


i?nn|(n-|y 

or, teking g “ deBeotion md Jf — di* 

tanco betwoen needle and scale, and neglecting daminng 
I _ 32ni/n'a'i> 

— ■mr' 

K an earfli inductor be used as the standard we get 
Q = and 0=^sin^-l^, 

,i _2SAS 

' Another method of flndmg the constant of a 



BixovBOiucnnnxo nruTFOtiOH “7 

»d not# the tteow of Uio W- 
luho gBlvBDOiiioter If fim ifn tntti 

Hboo the teot end u the ai N j C> 

mttonnrioiueaqperimenttintlianv I 

iL am let dj be the gelvaaometer I 

r---« 

TboimbaTe f ^ 

mF/ QwnTnV _ 





An excaOent stBinAaxd for la> I |.i,l 

Itontoxy jKopom u fbeft kaowii "Vi/'TIT 

M {j^liaiiVB SCagnetio mn Fig lat, 

BfeKnOud. XbonuutaC^^S) 

aUodc of liard steel piovideatri& a t^linSritsBl groove, 
andmagafibsedas indiated. A brass qrlinder 2 eames 
a onl (7, A can be loveted uto ihe groove, 
T v-p (lie cod fhetebjr oattmg tihe tabes doe to tbe 

-J r magnet, in eensegiience of vbich an indneed 
y |]n ehazge euoolaties m the cod Xhe flax u 
I detemunedatthe ontseb Voantpansan mth 
P rl I (saj) a sdenoidal standara 

fti M I IBI ' • ' 


I- .1 IMesiar BovlaiidPB method of finding tiie dutn- 
jSi* jsm bnbott of magnetiem aloim a her magDet nwacnr 

™ ^ ifi Imelsr mentumed (m£l^ 7, p 111) A ooil 

mnlnttioMtlm magnet aiid u ocmoeotedtoAhelfi^^ 
gelnmometer; it u nmed fkom point to point along the 

magnet end the first mru^ ore noted. A onrre viCh distoncee 
altsm the magnetos ohsoim and first mngi os ordmatea u the 
diimmtum eorve for the magaet 


248. SeteniinaidoiL of tho Constaat of a BaUlatie 
QBlmnmefteVd--^^ atandnxd induetor ma; 1 >b tmd for 
defennmii^ flie constoat of a balhsfac galTaaomflfera 
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^ 245. Coefficient of Sdf-andnction.— TiThea a oarteat 
V througli a coil it produces a flow of mngiifttn? mdnc- 
tion througli the coil This flow of induchon is inopor- 
tional to ae current wlm flte pen aeabjitr.<rf me rar- 
loimduig m^iTDnJs^coiuiSiErinllus case H ^ ^^An' o ^ yjf 
thi'Bow of mducticni thxoc^ the ccnl and 1 the current 
in the coil, then 

( 1 ) 

where Jr is a constant QSus constant is (he eoaj^cient 
of e^-indwchotnifffieettU If Jbennity'fJPisnnmencallj 
egnal to H, thus the coefficxest of self-indnctioa of 
a cSxeait is nusierically- egnal to the flow of in* 
dnotion through the oirouzt when unit current 
passes. Clearly a evreutt has a oeeffiaeni tf sdf-indue- 
hon of one 0 6-8 umt tf the fitm of induetum be vntltf 
uAen the vmi eledromagnetie current posses The practical 
unit is the henipv which is equal to lO* CtsKS units, 
thus a aretttt has a eoefjieieni of ee^-inintiim tfom henry 
t/ fhofkm ef tnduetton be 1(^ when the nmt ^eetromay- 
nette current passes, and therefore 1/10 of lO*, i e lO’, when 
a earreni of one ampere passes 
If permeabili^ of the snrronnding medium Tanes 
with the mtenntf of magnetisation, then Jr is not a con- 
stant, but -rones mtb Ihe permeabdity of the medium 
and therefore rones with I 

When F rones on account of the ronation of J, then 
we evidently have the ration 

^=L.^,thati8,c=-Ji^ (2) 

at dt dt 

This lotion shows that the mdnced electromofave foree 
16 nroporbonel to the rate of change of cnrrent in the 
coil The sign indicates that -when iljdi is positive 
the induced dectromotiTe force, e, opposes the eristiM 
current From (2), if dl/dt be niuty, c numencally equals 
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and then dmjhaijpnK thrragli the galvanometer Xhe 
qaanhly (Q= OJ^ uie deflectum (d), and the distance 
(JD) he^ teovzb— 




t-4J)Q-4JDSa 

,0.1 y_, 

hence I is detennined In fbu care zonrt be tatoen viUi 
t 3 ie niute emplojedo 


MSb HtsooUsaeoiu XOasteatioM --^AiiifingBb oOisr impnr* 
tantiUnitntumB of indiiotxvB eltete tbo fidlowing msgr be btieBy 
mentumod. — 

U) J^midai^tlhBeiMdBado^ fFJM 
ufixed BO A« to rotate round a eentnl aatu at ng^t to ita 
pbne IE ite plane be at n^^t ang^ to tiw lioen of force m a 
]^>gnetM field, and a metal qpnim be made to pran oo ito 

e Qimtmiioos onzieot iraO be found to floir Mveen the 
romg and the oentre of the wheel on maloim oonneataoa between 
L ^ metal axu of the whed The aotoal dsnetfoa of 

the B depends on the direohog of xotobon end of the fltkL 
and mdetormmed by flte right hand Tfdgi (a^ 239) 

Oonsider an infinndy tlun radial atnp of the dito faaamg from 
the centre to the spnng As fhia atnp totates tiuoa^ a w i * Tl 
anm S the am 8w^tontu|Sr>, where r IB the radius of the due 
aw ^moucnlarmBanire, the mnnber of toba cot is. therefbEeL 
when JSr is the mtennty M the fleldU IE the due maicMi n 
moinluine w seoand, the time taken to tom tfaronA d u d/hm 
m the rate of (diaoge or rate of cmtfcmtf tabes u 
tt^£M4f2rii)38«iu4JI, thiB measiim the PB totaeen the 
oento and eironniierenee 

(2) AftmoPs M^enrnM --nA. duo of copper Is nisdo to rotate in a 
h^ooMpisiminuiudutelybeilawadeiioateljy bsUn^ nugnetio 
BoedWa the axis of rotation of the duo bemg wertmal^ below fh e 
pivotntitane^ Aa the duo xotatLa it ufband that the needle 
u gradnaw defleoted fh the aama direotum as the rotatioa. and. if 
m of^tion u snfficfto^ ju^ ftadto tahea a nmtto^ 

Ktatoui the same sense as the dieot but lU a dower rate Thu 
mut tt explained by the foot that oimento are indwg fd in the 
yppc r duo » its rotatmn relative to the numnel^ and the reaction 
tebm the ^ and the needle u bn aooordanoe withLeuALaw) 

mh tf to tpd to atop the motion of the dm bat the needle beiw 
ud not fixed the result of thu reaotion u that the ne^ 
uitawastinmobon !QiedireotioaoEtheindiioedenrreutinthe 
Wttsiidi^taoiirEentahngw fiowiekeu the dmtnafcim ci the 
wso vertioalfy bdow the needle m laob a rureotion es to defieot 
um needle in the seme direotum as tiie lotation of the 
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and jf I he unity — 

Mngnotio flux = 

Bill each turn of (ho aolonoid embnices these tubes, 
honco 

IDficctivo flux or LinhageB s , 

. j 

■ • MJ t 

V 

If ft tiolenoid hiB 200 turnB, is 20 om long, And hns a oross sco 
tionAl Aten of 4 sq om — 

i . JI»L* 0 (! S ™i. = jiafci to, 

= *0001 henry 

If insicod of an air coro vre Iia\c one of poimcabilitj ft 
then 

24?. Cooffloiont of Solf4nduetiim for **£ead” and 
“Keinm*’ in tlio cose of (1) 
Porallol Wurew, (2) Coaxial Cylin« 
dexe— In Fig 427 a and B oro tno 
tiCTF ^otiy parallel n ires^ in sir, carr^ mg 
equal ourrenta / in opposito dirootions, 
conatitntang, in faotf ft ’*lcad” ono 
"return'*, lot r denote the radii of 
tlio wires imd d the distance npart 

Fig 4^1 (oontro to centre) Considering a 

length /, the flux wrough the dotted 
urea w Illdr and // is equal to 2//r + 2IHd^at) (Art. 165) , thus, 
if / bo unity— 

•• ■*' “ ®'I ( * 

a 4nogf s 4 loge (per unit length) 

If the wires are in contact (d— 0 =« »■ ond L is therefore aero 


B 





.x , 

1 

1 — 


d 


-"I-— >- 

1 

■ 
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L , Imioe lihs eosSoieiit of selfinftiuiiiioii of » dzonit 
is aniBSoeioally eq.'oal to the E.IILF. roiuid 'Qie die- 
oiiit due to imit xate of dhaaiga of the enxveat in it. 
Cflea^ oIbo a eirstni 5u a eo^eunt of 
omOOS umi wkm a emmnt tnenanng at fha rate if 
one em mitt jwr aeeoncl "hrwgt o» on opjionn^ SMF if 
one am wn^ and sunilBxfy a etrami haa a ee^Eetent 
(f e^-4nduetim tf oae henry tsden a emrent mereanng at 

rota <f one ampere per eeemd hratge on an oppoting 
i?lf P of one ooZt 

Ib triu he aeen later (Art 264) the 'work done m 
eBteibliBliisg a conent I in a orooit oE edfijudnoboa L 
u gnran ly the o^teBmai 

Work (F) =4^1*. (2) 

and liuB ai^ij^eB another definition oE £, for if J he nmty 
L ia nnmen^j equal to 2F, tima the coefEUdent of 
aelf-indnotion of a eirenit is niunetieally equal to 
twice the vodc done in estahlidhing the magnetio 
indnotion aoeonpaasing unit omarant ia the oiroiiit. 
lie coneaponding defimfaona (d tiie OG-S nmfe and the 
hemy may oe leaoily derned 

Xna three definitaona oE L giTen ahore lead to wwinfaTrfi 
and equal reanlta provided tiie pemeahilily oE uednun 
is conatant, if the peiinwibihty is not comi tMit the three 
Taluea are not i^Antwai 


The ooeffionat of adf-indnotom of a aronit u fraqnently defined 
M tma w red ^ fte ftBhifltt ^ tht qrciiit lafigt gfanTufe umt cunttA it 
fitmnw (kroivgh IF Xfaii u men^ another meCliod of atatW the 
fint defimtum giTan&bafva 


MBs CSoeffident of Bdfdndnfltiim of a Bolimoifld — 
In the caao of a adlonoid hanng an air oora we hare 

Pwldm^s:^!!^. 

whm S 18 tihe^ Mol intinber of tnnut Z the Voi giihj ly pd 
I xm coxxent in e in nnita If ^ be the area of ctobb- 
Beetion— 

Magnetic flux 
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xixcTBOirAairzxzo tsovcaos. 


t 

** 


of matiaal uduction is M, and if fbe fheflotr of induction 
through ona for ourrent J in the olhfflv- 


F- 

MI 

(I) 

tl 

-If", 

W 



• • 

(2) 


6 being the induced EMF , the coeffiment of mutual m- 


Thns from (1) the coefficient of nmtnal induction 
of two oironits is nnnencally e^nal to the flow of 
induction through one vhen unit cuxvent passes in 
the other; clearr 7 ffis eotffiemi cf mutual mduchoa tff 
two ctroutis ts one 008 umt ^ ffie flow of mduetiou 
Oirough one w matrg vSten. &e wot deettvmagnehe eurreot 
paeset m other, clearlj also the eo^flaeni of umtual 
tudm^ion ts one henry the flow of iniu^wn through one 
ts Id* t^on one anipere pomes tn the other 
Ajgun, from (2) the coefficient of mutual induction 
of two circuits is nnmeiioally equal to the B U-7. 
i«c nTid one mronit due to unit rate of ebsMO of the 
coxsent in the otiher; dearly liwtR be one uQ8 wwt 
whm <t ewrreni meieasiug i« one at the rate of one ei» 
tuwi per seeouA restdls t» «« tndueei E ifF of one em 
%mt t» ffis otier, t< wiU be one henry vSien a emretii 
ereastng in one at the rate of one ampere per smona remUs 

inan rniueeit EMF qf one vMin the (fSker 

itoier, sfflce the mutual potential energy of two oi^its 

.gjirrp.te JK; jf landi'areumtywemayaoy ihatffiie 

eoeffimont of mutual induction of tiro mroiiits is 


S 4 fl Goeffloient of Ifflntnal Induction rf two Sde- 
1 ^— We shall only deal with the case of two sol<»«* 
aagioated that there a no magnebo leatogOi w 
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Tin oaie of two oonoeiitnii qvlmdm (fo^esented m pneboe a 

coDoentno oaliliB) u shown in vm 4S8 AtartsnudpoiiitBtho finds 
doB to ^ two oorouie equal onmnts in imo- 
nto diieotioiis are eqw and oppontOi and the 
fii^ mside {I e. between toem) is that due to tlie 
onnent / m the cylinder only The field 
at a poinb distant r from the axis of the inner 
sgrlmder u therafne 2Ifr^ and the finx thitnigh 
toe dotted area» the kn^h of ahnA paiollel to 
the oytodefs is unty, is given hj 


Fliix sz^^dr ss SI 

B SDjogfii- (per unit length) 


Henoe, if /be umty'^ 


ZFB21ag^ (per mutleqgtfa]^ 


the medium between the oylinden faemg ur 




igi 

a 

1 

m 

g 

1 

1 

1 

1 

1 


Fig 488 


St48« Ooeflbnent of SBMnul X&dxiotioiid— If we liave 
two sepoiate dromte tiie Ton&tioii of a cnxient in one 
wiU set up aai mdnoed deotooniotiTe fmoe m the ofCher 
Or, we nm say that when a eonent exiato in one there 
IB a flow of indnobon through the cither, and any yariation 
of this flow of mduohon {nvea an induced eteobomobTe 
force in that oiiomb Let me two cuodta be denoted ^ 
A and B and let I and JP he the currents in these einnuto. 
^ tile flow of mdnofaim ttrengh A doe to thecurreittr 
Sl ^ ^ d enoted hy JUT, wdifire fif is a constant invDlvizig 
m penneabOily ii the medmuL Then, as in Art sS 
for two ma gn mo ahdh the mutnal energy of the two 

drowtsisfiCLP Sunilarly , if the flow of ine^tion Arotioh 
B due to the eonent 2 tn A is denoted by JfJ, the XII 1 I& 

emp of ll» cue^ 18 jiTBo hy iPIF Hence ite hove 

That M,iihe flow of iadoctwHi 
ttMMh 4 lot mut otttrent in H la tbe same as the flow 
u^mtion through B for unit eonent in A Shis con- 
Bmi 31 18 fke eoe^etoa if mutual tndueiun for £he two 

If. then, ne hare two anmits for whidi the 

SI AKD S, 



256 


ELKCTBOAU.OVXTIC ISDVGTIOIT 


lategiatmg this from the lower limits, where t andiss 0, 

we get inff Rf 

B/B ~ L’ 


£^<rtiii|tteourrent at the end of the tone « fiom the 
Btaztmg of the corrent 

This gives 



Biatis, ^ ), 

where I, denotes the ciiirent at the end of the time ^ from 
the msiaot of dosing (he mremt 
Li this idation EjB denotes the final value of the 
csaafcoA, If we denote this J we have 

or i=:l-e ^ 

From thu it u evident filial^ when < la equal to L/J^, SX/jR. ZhJIt, 
eto I tilie zstzo of tZn^aotui^ onirent to oiaxnDnia valoa aUnin 

able IB nven b^y 1 ^ Vt, 1 -* l/e^> 1 — etc That la, at Uio 
ends of the time LjEf iLfE, SLISt oto , fhe onrrent value » d321| 
86i7. OdOS; eto ^ of the mml attainable value The quantity L/B 
18 called the ttma coMttttU of the oimuit 
It IB evident ftom the aboie that the onrroat mil require an 
infinite time to attain its foil value, bnt that, as LIB u uanally 
veiv small, it rapidly attains a value very nearly equal te its final 
val^ This 18 anomi in Fig 42 fi, vhidi gives oune of nso of 
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tabes pass tbioi^ 5oft dromts , the solenoidal lodootor 
at Pig. ^4 nunuih soeh an exean^ 

Let 8„ A, Z, and J denote the total mnnber o£ toms, 
the fitoss-BBobonal a»a,the len^, and the oimentin the 
case oE tin primaiy adtondd , uen 

•MTagnnlan-flTiT = ^[8^AI^ 

and tf J he maig 

Magnetaoflin = 

Puzther, it there are 8^ tome in the aeoondaiy, 
EfiEBotnre flax or Idnhages = x 8„ 

le 

IE instead oE an air core we have one of permealnli^ /a, 
than 

260. GxowthofthsOnxxentinaCSroniteoiitaliili^ 
Besiataaoe and Zndnetaaoe 'Iiet S denote 
the EMJF ^ cell m the dieidt Then, during the 
vamble state when the cnxrant is nsuig to ita foil valne 
ire have 


or, dindiiig hj S and transposing, ire get 

S T_ dr 
"S ^ B'dt* 


that is, 

Bnt 

Hence ire have 


dl _Bju 

diBIB-I)==^-dI 
dCBIB-D _ J8,, 

■im-i) — I* 
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IB^-L 


dl 


or 


dt' 

-j — z^ 


Hence, if Jbe tbe valoe of the onnent at the insiaat of 
breahmg cucmi^ then the ouxcent. It, at a tune t afitonards 
is g^ven bj 


thatu, 


or 


-2/ r 

^ Z ‘ -h 

e 


Here it is evident that m times SjCAR, ^fB, eto , from tiie 

break of the oironit* the onrrent falls to ue, 1/e^, Wt eto , of its 
mitzal valnei thatH to *3ff79, 1953, 0493, eto, oftoaimtialvaliie 
dotted oorve of Fig 4^ shows t4ie fall of tiie oumnt in llie 
oironit for vhi(di the full line mves the oorve of rise of the ooitent 
*Pi^ta investigatioii assnmes that the oiromt is broken mstantane 
oosly InpraotooethuiisnottiiB case Usaally xeastonoe o! 
the Qircmit is mcreesed, it may be xapidlv, bat not instantaneous^ 
to an inSnite vnloe, and in most eases m xwastanoe of the oiroait 
18 vaned even after tbe metalho mrouit is broken hy the radneed 
resistanoo of the air slong the path of the extea onrrent spark 

at the break of the wronit • , ^ n r 

Banns the nse or faU of a onrrent I the change m the flow of 
masnel^ induotiOB tfanragh tbe oiromt is iJ, hy 
iteWntity of deotnoity set m motion inr this change is JdllB or 
HL/xf** mw u tbe quantify earned hy tbo “ extra onrxents , at 
matetheflowofoleotnoityis dimimshed by this amount, and at 
break the odditicmal flow takes plooe after the oiromt is brokra 
It Bhonid be noticed that this quantity is Mmd to thatoamed g 
the ontrent jP/R m a time LfS, the time constant at the 
mramt The field enoisr associated with the extra onrrent is evi- 
dently equal to iW*. as explained m Art 234 

2fi2 ®iB Cbso of a Civoiiit eontaiBinjf Bosistanc® 
(JB) aid Capacity (C) Chargiag and Biseha^R a 
^naexxsBV^TbJB may ^ be timted be» for sate 

Se comparwon with tiie two pree^^ seebona “ 
SsM (J®) ^ ftpplwd to ft oiiciut of resistaance (B) co • 
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acnnealinacumut^^rtim i? s 2 obim sad j& « & haucy, and 
for vfauh, ttoefoNa the tuna eonatant LjS u 


AxW_ 1 

Tfw m 


InllhiaQitQutihoaiiniBntnsu 6821 of ita idl valiia m *01 aoo , 
to 864? of lia Ml tateo m 62 seo « to 8002 ^ ita lull vidne m *08 
MO . and 10 qD| andeoiW attauung piaoboally ita Ml \iila8 m a 
annul feMfeiaa of a Moona 

K leadi^ bo nndotabood that when L la jreaA and JB 
MatiTtty Binall too tuna fd tho ottoo it mil do lazv^ 

tho onmnt may take a conaiteable tuna to oataldiBh ita&i On 



£ II BBdi oompaied Wth Jl tto onnwrt 
§ wBrt be w lu» ae VmUe^ 

«|*t«a^7 mUi tArtuaiiig « eaffiownay itnmg enttmg ^TOitL 

_2ai. Pe cay the Onnwiit ia a (htemt oentidiiiiig 
SastetaaiM {m ^ Xnanotaaim (lO^maa 
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If m Art 260, and (2) mth that for Art 251 OEys 
the hme comtani , it is the time the F D on the con- 
denser tahes to reach (1 — 1/e), % e 6321 of its final 
value, and the time the current takes to &11 to 1/e, te 
3679 of its initial value 

The case of the condenser discharging has already been 
dealt with m Art 230, using the notation of the preseat 
section it IB there shown that 



ie I,=h (4) 

These expressions should be compared with tiiat for 
J, m Art 251 It sAould ha nfM hofh %n ik$ charge 
and du^arge ihe ewiretd Btaurts mih its maximum value 
0^ decaye e;Bpone»^%j %i shoM deo he noted ihd the 
circuit does not contain inductance {L) 


8UMMAKT 


Cirouifc with reaistanoo {R} Giromt in* (B) 

and Indaofciince (L) and CapEcity (P) 




Decay /(»•/« i 
l^eGonatants* ^ 




Charge 


ii=s/c"CR 

« L* 

Diudiarge Bt^Et 
Time Oonatant » OE 


I -- — 

assa. mie case of a Cmsnit containing EetostMce 

•»« M-irt-u. m- » 






nKaxaasuainma imvoxtam. 


tBinaig a condanser o£ oapadtf 0, and lab A be the P D. 
on ihe condenser at aaj insteut At the oommencement 
d£ the fiharghw piDcesB is eero, and ib pskdnelly ixna 
to the JB, its ditechon bemg, of coareeb cpporad to 
that of the appbed EMP. , ihe ekargmg emreni riartB 
with iti greatat vahu and deeranet, heeomtfi^ 

E«=: E The cue may be mveetigated after the wnanmr 
of Art 280i bnt the foUoving modification iS| perbapSi 
rinroler 

u Qi be the dtarge on the oondenaer at any instant^ 
then and dQ^dt = OdE./i» IE ^ be the 

canent at this instant — S^jR = dQJdi bence^ 


^ S ’ 

• ^ - 1 M 

d(E-E,) = -dB., 
.d(E-E0_ 1.. 

•• — B sr^ = “■ sesfii 


•• -F-fi. 01“* 

Integrating this front the lower hmits when t and 
EisO, 

S GB 




<e. 


Andrince 

T — 


‘ i 

« If 

A r,=ra “ . 


» jub wcmg vaine of the ehaigmg oonent 
The expression (1) sho^ be coasted wim for 
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Froni (8) at folio vtb that tlio process as OBoillatory, tho 
onargo b<augaltorjofttoljr greater and less tlian Qand linallj 
Botthng down to tJns steady value the curve OPQBST in 
Fig 429a bIsowb the result in tins case 

Agam, from (4) 1 1 Mows that at tuuos < = 0 , < = 

2ar • __ 

is zero aod liieraforo 

vP — 

It IB zeio. FuiUiar from (8) it follows that aftor tunes 

I ”■ . 35r 

® + ? »+2- 

t ^1®® of Q<, IS the final stead/ 

value Q> This means that in both cases — 

Time of half on oscillation ss — 


Vp~^ 

Peiiodic Time = IP s= ^ 

vy*-?'"” n R‘ 

\£tl w 

=s 2ir if JS is n^ligibl 


TIio case of the discharge on removing the apphed 
E M F IS dealt with b/ putting M—Ovn. (2) viz,, 

+ = 0 (5) 

AiT 

and in this case if ^ > JB* the solution is -> 

Qj=<2-^^cos {^fprzr^i-ii) (6) 

Here also the disoliarge is osmllatiwy and is shown bv 
the cuive OPCIR of Fig 4292i A httle consideration will 
show that the ponodio ^mo is tbo same os in the preceding 
cose 

If ~ it con he shown that the process in hotb 
0 



taioxBolU.aiisxio iHOTCxtok 


260 a 


pomtB m tiie oase of a oiiomt coataiiimg indiHilaiice (L) 
and eapaeify (0) hd no rautanee (S^, and m lilie ease of 
a euoiut contauung mdnctoace (£) c apa«g^ (0) and 
tesutanoe ate d^imthm Ohivto XXH 
IntbalaMBrjiiozageonaloassif Sbensed fn allied 
B1E7., I for onnant and Q fn oiharge lbs instaatweons 


deebouuitiTe foice eqnatum becomes 

L^ + IB + ^=zS (1) 

OTiSIllOBlsdQ/A 

+*=® « 


Xhe yUZ soifadaon to thu mmld occupy too mneh space 
(see bovenrer Arts 808, 804) utd it may be found bn any 
good voik on the (hd^us, the xesnlts hovefur may be 
quoted — 

42/ 

^~Q >'ff'we get, for the “charging'' process — 



A. I dVX 

Tig 4208 Xig 4205 


vhere /*=:l/£0, g = IBI2L, rinassp^ and Qssfinel 
charge Further sim J=sd(]/d^ 1^ dmetenlaating (8) 
negirt — 



sin vynrjpf (4) 
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Of 

n.ati8, »7?, + i>,|«y7^ + 2i,g 


If VO appl} tins relation to the first instant of tbo 
vannblo state at tho starting of tlio currents, vbere z and 
y hare bolli /ere mluo, vo get 



di I dt i,' 


that is, tho rates of increase of the currents at the instant 
of starling are in the inverse ratio of (he se^f-indne/ances 
of tho Iranehei 

At tho instant tlio full values of tho currents are estab- 

hshed ^ and ^ aro both of rcro valuo, and tho relation 
at at 


reduces to tho usual simple fom =: Trhere i| and 

aro tho final stoadj vnluos of x and jr, To ihe final steady 
eurrenie arc \n the inverse ratio of the resietanees (tf the 
hranches 

It must be notodi howerer, that if the current at A 
starts from a atoidy value and returns to tlie same value, 
after a period of vanation, the total quantity of electricity 
that passes during the period of variation divides between 
the branches in wio same way as a steady current For 
example, the discharge enrrent from a condenser or the 
curnmts due to induction which start and end at zero 
values come under this rule, so that the guantity of elec-' 
tricity discharged frm a condenser or set in motion hy an 
iniiieim impulse divides among branching conductors in 
the inverse ratio offfie resistances 


The troth of this role may bo dednood from the relation 
For ailB gives + 


mi X dt and , dt evidently denote the q'wnbty ^ 

5Srang during the infinitely short interveTof tune dt, vhen the 
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EUtoTBOujLOinBno zRinraziov 

caflHunoB^BOiXIatniy mihe&8(<n8e1iiiecliBTgBinBrd.T 
uses endiully to the steady Taliie Q, and m the secona 
case it ftdls gzadmlly tram Q to seara (Bee Chapter 


XXn.) Ctotly^ssIPorBs 
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Similarly, vhcn tho oinraib u broken, the onnent very rapidly 
deoreases to zero lalue, and the energy of the magnetio field in the 
modinm roehesioto the oirouiiv nhero it la ^ssipatod aa heatj, mring 
naetoivhatbaB already been desonbed os the e'ztra enrrent at break 


I!rom the eq^uatioo gmu above tbe electromagnetic 
energy stoied in the medinm dnrmg a very small imange 
dl in the current is LI SI, where £ is the coefficient of 
self'induction of the ciicnit Hence, if a current increases 
fx<m 0 to J m a circuit of self-inductance L, the total 
energy in the medium will he 

^[lT si or zj^I SI, 

10 Energy = |XtJP 






L 


These Bhonld be compared tnih the expressionfi devetoed in 
Art 86 for the energy of a condenser and of a charged boifyi vis. 

Bnergy = JC7F* » |Q7s There la a real analogy between 

the fcwo one iDeoaores the elcsotcomagnetio energ y in the ma gnotw 
field set up in the modinm entroanding a oircnit caitying a 
the other meaBures ^e eleotrostatio energy in tte eleotno field aeo 
up m the dieleotrio of ft oondenaerp or in the medium sixiroiindmg a 
ODOTged body 


In the case of two circuits oanybg currents / and Z fet 
Jlfhe the coefficient of mutual induction and £ and I; the 
coefficienie of self-mdncbon The energy m “ 

the first is iHP and m the case of the second iPI,*, whilst 
the mutual energy IS HfZZi , thus, if Hhethe total energy 

=:i(iii» + 2iriz;+i>z,*) 

As S mast bo pomtive, LP + 2 « 7 /, + 

But L and are ocSi positive, edulst Ihe 

by reierting the ooaneetions of one of the cwmits , henoe in wy 
case, to he rtritffy saw*— ^ 



SLEOZBOSAGVBnC XSDUOXtOK. 
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itmsOiioflihaoiiixaiitiBnxBiidvrnpeatiTdjr. Aammfaig the 
anmatB to wiy born vabwa and h to Ji end end integtatmg 
batmen theM unnb^ m get 

£,|xdt+ 

Now, if A = ii Bnd/,= i|, endenUy j^d»eiid both vanuJi, 


udm have 


Bj! 




y dlU 


But 


r» cttsgi, the qvaatity of eleBfcnQitgr trhioh bus passed 


J- 

Omra^ JBiUi the tune ^ and j y dt e ^ it the qwtity whioh has 
paand tihzoii|^ ifi m the aame tune Eenoe BjSi » or 

264b Sneocgy in fha Uagnetio TUa of a Coxxont. 
VbB Case of !Bwo CSroaite^liL Art 289 the energy 
egnatummihecaee o£ a c o r i ent emnufc ispraa inthefom 

Sm^PSit + IdF, 
and rinee F^UtluB becomes 

SMssiPSa^ + LIdl 

Thu eqnatum endiBiitly xneaiu that the energy gcmLout 
Iff the battety. SI. di, u gnater than the energy, PB.di^ 
duamated as heat m the emmit by an aaneost LI dr, 
which n asBoomted TOih the estaUumiient of the xnagnohe 
field due to the earrent^asid must theiwfioxebe looked npoii 
as the eleGtromagnetio enei^ stored m the xnedinia in 
which the magnroe field ensts, as ihe euzrenb xuea the 
amount of thu energy increases nzrtd the steady state u 
attained 

It wdl ba explained later that the energy firom the oell zeaHy 
t»\ela Itoifl the edl dhou/iA As fsedtitm to the oiremt^ whmu 
nmenlifeudimpatedthatattlie atartug of the ontteat aoine of 
ihu eoecgr, instead of paasmg to the oiromt to beduimted, re- 
nwini m m medmm aa ihecneigy of tluiiiagoetio field, and during 
thu short period the energy dimpated 18 1 — 
out 1 y th 
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As tiie ohamnc goes on tiio difference of potential between A and 
£ nses until unaUy it becomes equal to the E M F of &e cell, and 
points on PA and on iVTl are at the same potentials as P and 
rcraeotneh When this state is attained the ohaiging is oomplete 
and the tubes cease to tra^ el through the nuslium irom the cw to 
the condenser The oneigy which has ppsed from the cell to the 
condenser through the medium between 7A and is stored up in 
tho elootrostatio field between these conductorsi all the eleotni- 
magnctio energy nroduocd being retransform^ into eleotrostatio 
cnei^ During tiiio transfer and attendant 
transformation a certain amonnt of energy 
has been dissipated os hcau m the oondno- 
tors PA and so tliat during the ohaig- 
mg tho cell lias given out more energy than 
18 stored in the deotrratatio field. 

Let ns now consider tho disohargo of tho 
condenser when the jdates A and B are 
disoonneoted from the cell and conneoted 
a high resistance 

Direotly conneetion » made the Faraday 
tubes between A and B (Fig 432) ttavm 
towards so as to redneo their energy by 
reducing tbedifiereuceof potential between 
their eras As ea(^ tube travels towards 
Of tho eneigy it loses is partially dissipated 
as heat ana partially transformed into elocticmacnetio eneigy m 
the medium surrounding the conduotor AGBf and nnoUyi when the 
ends of tho tube meet^ the tube disappears 
and all the energy in it is transiormed 
mto heat and eleotromagnetio eneroy, the 
latter being finally dissipated as neat in 
iiie oirouitb As the disobAm goes on, 
tube i^ter tube disappesisi and finally the 
whole energy of the oondeoBer^s field is dis 
fiipated andihe eondenser is disobaiged 

In the case of a simple omnut 
PABN 438) made up of a ceQ 
and a conductor, &e process of trans- 
fer and dissipatioiL of energy by 
means of the medmm is practically 
the same as described above 
When the current first starts some 



Fig 433 



electrostatio enei^r w converted mto electromamebo enww 
as the magnetic field of the current is establishea, and 
when file circuit is broken this electromagnetic energy is 
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In <tt0mMriivfnK<itt thn difoonaa betam 
qmniljr nudl flno^gh to In tefean ss MO^ lunrarar 

2SS. Tnmsfiw of Siungy team a Cdl to its Oiroiiit. 


tar of enoigy tbzoi^li the medmia from a oeU to its oneiut 
xnaj bo obtamedl^coauQij^^ tho dhaxgixig and diwihaig* 
ittgofaoondeiunr. 

LBtthflpvnlMpbtoQondaiawalio^ laBte tfObeghoii^tar 
QOUMotag itB pblM to the mlee of a oell when oonneo n on u 
made ImdiQr tobea 11, SS^ 8^ eto , eaoli oai^im amt ponbTa 
ohaigB at aim end aad amt negatm ehatge at the oner endQ travd 
hmaidatimooiidenwraiidqiiuiil^ np tim mediam befeireeDi the 
tirojplates 

mma tim ahai|ragtipm the diAraiQa of potential hetween P 
andJKTtB^ 4Sl),mte(EiimialBof1i»OBl^me^i^ of 



480 Fig 481 
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totes esatsaKSzzd dfsa^^ar; ite evtrg^ zbusSorsihro:^k 
&« nefissz mcis xiodsai iheaij ateibotes ite cor- 
283^ to tte sio:5::s o£ aegstKe efecfrow; ilds is dealt tdfli 
ia a ia^gr chapter. 

25?. ghe Zadaeiaim. CoiL ZCodesn Saiesraptexs^ 
Tbs jodastioa eofl is a pacfioal appHsatioa of &9 pirn* 
crals o£ HLotoal isdcccoa, eoasstmz dt as a^aiatss for 
fHs parposs «£ tassforaisg a tenrees the ter- 

rns& kS. a pAaag' coil isso a ihlgh PJ7. tetvrcp the ier- 
misais of a ^poodaij coil. Ilist^essestialpCTtsarB: — 

0^) A ^es cm J HTi is the pnsarr eisl shall isahe the 
Ihfegss-^is X siaaibsr of rcas— is the sasoadarr co3 
as la:^ as posable. 

The Gsmsit is the prisiaij c{»3 most te isade asd 
TgzT arafflj. 

33ie cossirsswoa of the appaiatas s siorra in 
asd i^ bdaSj, as ftdlo^: Boosd as isssr cote ccsiposed 


7 7 



of a Insdie of soSc-iias fdre is •Boimd a cd 3 cocEsfeg 
a few tsiss of Terr stoat -Bire^ ferceS the ftinary di Us 
co3: is is sssses t<Zth a hreah cossatii^ of a QBiaj 

■xstssz a o:=t3St sssb; S:e casriag at 
e=3 a pias of tws, trlcsh is aii»!S«i hf 


ESEOIBOMAOBKnO vToiuanos 


dimpaifiBd Bfl liflat m iSw (aroni^ Init vlmi fhs dment u 
ateafy Hiete u a steady dusipatum of cilectrostatio energy 
as heat m the omnut 

Faraday tabes pesa thioi^ the mediom from the cdl 
ont along the onoiiit^ andeadi tab^as it diortene to nothing, 
ae at^ and B, gives np all its energy to be disa^ted as 
heat m the omniib nuereia therefore mthe case or a steady 
omient a steady floir of tabes of eleotrostatio energy from 
flis cell oat to the medimn, the ends of each tube travel 
along the eondootor of the ciroait and the energy of eacdi 
tube, dumnidbing as it kavels along, is ulttmately com- 
jletely dissipatedos heat in the emsuit 

It most be remembered that Fig. 4d8 is only of a dia 
graimnafiic ohamito The tabes paasmg from the con^ 
duotor PA to BB most be nnderslnod to start oat frmn 


PA in all dueebons, and to onrve ronnd throwh tibe 
medium to NB, on vrhioli th^y temunate and on irhimi they 
dose in from aU sides The medium mvolvedm the trans- 
fer of energy is not, therefore, confined to that dueoily 
between the condnctors PA and BB as diown m the dia> 

S am, hut indodes the whole field m the neighbourhood of 
ecuenit 


In an dectne field sncih as we have described, where the 
tabes are not m eqnibbnnm, but in motion, we lune, as a 
result, a magnefie neld-^e maraehe field associate with 
theso^saUedcanentBintheean&ctoremthefi^ II ire 
draw oa the field a senes of eqaipotenbalBrntfacesaod also 
a oonesponding senes of sur&iM of equal deetno farce, 
the hnee of mtenectam of these eai&ees can be diown to 
be lines of mi^n^ force If ^mobonof thetaba in 
the fidd has attained a steady state thwesarfsceewillhe 
fixed, and tiie lines of mtersechon, that is, the liiiM of 
magnehe force, wiUbefixed Thisisanoflier way of eaymg 
thata steady eanenthas a definite fixed Tnpgr'nf.m fow 
The above rcpresente in a ample form one n« pw* of 
Foyntug'sXiieceem on the transfer of energy Acc^- 
inc to it the cnnent from a cell eondste of die posihve 
ends of the Fomday tabes movinc alo^ the snra from 
positiTo pole^ and ihe negative enu moving dong the wire 
from the negafxvB pole, the two ends a^roaching as the 
:i Awoi! 42 
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these efiEects a condenser, made of sheets of tmfoil and 
paxafiBned paper, is connected 'with the primary circuit , 
one polo of it is comiected to the pillar of the screw, and 
the other ‘to the sprmg action of thi^ oondenser 
may be bneSy explamed thus When the cuirent is 
broken the self-induced current, haying to chazge the 
condenser is not able to sjwk across the break and thus 
the current is reiy suddenly broken Again, the charged 
condenser at once discharges round the primary, but in the 
opposite direction to that of the primary cunen^ and tins 
tends to produce an induced cuiient in the secondary in 
.the same direction as tiiat due to tiie break in &ct^ in 
{practice the flux in the coze is reversed at each break, and 
^he induced quantify in the secondary is almost twice that 
iWifhout a condenser To he exact, the condenser current 
IS really osciUatoiy, but these oscillations axe quickly 
damped, dying out before the circuit is closed again, so 
that only the first discharge is practically important. 
Summansing, we may say that the secondary mduced 
current at make is comparatiTdj small, while that at 
break is intensified, so that in an ordinary mduchon 
coil with a condenser the secondary induced currents are 
those due to the breaks of the primary. The action of 
Qie condenser is further dealt with in Art 256 a 

In modem ooila the vibrating hammer as a make and break is fre- 
quently replaoed by other dovicea mving much more rapid inter- 
ruptions One form is the ‘Wehnelt SBleotrolytio latexruptev 
This 18 merdy a cell containing as one dootrodo a large plato of 
lead immersim in dilute sulphuno and, the other oonsisting of the 
end ^ a pzeoe of thm platinum wire projecting from the end of a 
glass tube This oell is placed in the pruna^ mrouit, so that the 
onxront leaves \sy the lead plate, and it is then found that if the 
pressure of supply exceed 21 volts or so, the current u rapidly 
mken and the secondary omits po1^e^rfa1 disohargcs Another 
form much used u the Xlotor KEerouty Xatexruptor shown tn 
Fig 4S5 In tins pattern a jet of meroury is dischaTged from a 
tuM and caused to strike a toothed wheel whioh is rotated by a 
small xnotOT at a high speed The oirouit of the primary coil Is 
completed through the jcb, hence when tho jet stnkcs a tooth the 
primary is mode, but u hen the jot misses tho tooth tho pnmary is 
broken, and tho rate of this dcmonda, obiiously, upon the spccy « 
rotation of the toothed wheel, \ihioh is under oomploto oonWi 
Also the teeth are tapered, and thus by either nuning tho jot or 
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inmcoie of liiecoilvluiaoiinent flom tihnragh 

oad b]lB btdk « £[«" irben fhe ptimtr eDzxent oeBaeB ^ 
fhe non core beoimiea damage jEtenoe, on otitadhiiig 

tin aa utermifelnit oniiant passes timrag^ tin 

ooilf tin frMnfinor of tin onneDts dependuig upon tin 

sfanngtii ana isnrtMi oE the spnng 
Sanonndiiig tinpiunaij coil, bat insnlated from it iritli 
pyt can, u a omcoiisiBtnm of a tbit gnat mmiber of 
fanii« tif -reaj finfl wire called tin sewHaary. The ends of 
tins mis an led out of tin easmg and on attadnd to 
tamniiftU ou tin top of tin ood, and usoaiDj ulna tin cod 
u mnbmg tin seoradair ciromt u compleie, escept for a 
gi^ Doross Tbi^ It 18 deamd to canse sparks to mp. 

UP to tioB stage m the oonstnnbioa toe aetum mi^ be 
btufy esdaiaed as fdlows Wbea tin primaiy oanmtt 
passes (1) on indiued hmwfm eumat it dsvdcped tn As 
sseendarv, and 00 fhe ooie is magnebiaed, tin soft inm 
liwta and mtma an ottiaBted aod tin puiuaiy axoait is 
broken, irben ^ pranaanr cfomat ceases (1) an tnduesd 
dtrsef eterrsKf u imdejtei tn &b uomiairy, and (2) the 
eon is demagmtiaed, tin sptn^ IUIb bai^ agamst tin 
Bomr, tin prnnaiy onimat agam starts and i£s aetions 
an npeated It foUowa firom tins that so lom as tin 
prnuaiy eansnt is made and broken so kmg tiu cmrents 
alteEnnmg m opposite dinchons oandlate m tin secondaEj 
In ptaetun matten an not so simple as inflinittoa 
aboTQ, owing to tin self-indnotion of tin pnniaij omniit 
itstif Whoi tin pnmaxy is “made” w nsutanoe is 
small and tin tune constant LfB is timrirfcTO gnat; 
when the pnmoxy is "biiAna” tin nsistanoe is gnat 
and the tone constant idatndy swmllnr TTanffn ^ 
decay of tin pnmaiy is qmidoer tiian tin growth, and 
thenfon the ndnobre effect on tin seomdaiy at 
" bieak” is nune mononnced than tiiat at "make ” 

On the other handt nrhen the pnmaij is bndken tin 
"estmcumnt” dereloped m it in tin tamt jdncbuni as 
the pnmsiy makes tin bnak less sodden and 
than it would oHietwise be (tiien]^ rednoing the 
tne effect on the secondaty), and, q^kmg tin 
inteitapter, damages the sutuces iff contact To prevent 
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th« ithod xtji or down telaUTefy to each oiher ihe proportion of 
fiiwfc dnnns ^bioh tlio dramtii Toado and broken ia nnaer oontnl 
too XhiBdonMerroBOSoelleatxeBiilte Themerow is pnnqped 
ap the aotum ol the motor wiuioh totatea too ‘whooL 


i /WVV^ 



Fig 485. 

286n. 2Sin EfBaot of tbo OomdeiiBOE of an Xadiio- 
ttoa OoiL upon tho Becoadnvy Cnrrentd — ^In fhe fxeai- 
uentwhi^tollowB (aahghtmodificaticmof LoirdBaTl^gli 
Stoxlittg), tiho lesifitanice ot ihe Becondaxj is negteotod, 
its indnelaaoe bemg the unportaat factor 
£fli now 2^ and denote the uiduotanoe of end onnent 
m. the pnmaijt Ir« and Jg denoting the same for fhe 
floocn^ry. Let If the matual inanctanoe of tiie two 
ciTcniia and 0 the oapaoity of the condenser ‘FinoUj let 
(2i and Qs denote ehoigea etrccahtiDg in the two diemts 
Cl^rlj the deotio-motiTe force egnations (duchaTge 
starting) fdr fheprunaxy and secondoiy cuemts axe — 

^§+"§+d'=° • -W 

• • W 

Again, ainee 1 ss dQ/A, and thenEora dlldt ss ^QfdP, 
Uwao htexfoa.— 





( 8 ) 

. • . *■ (4) 
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257. Princx]^ of the Pyiutsiio and Uotor.— The 
dTnomo is a commercial apphcatum of the prmciple of 


and known on the omatmt whilst the magnetic Md m 
which the axmatore rotates is produced hj powerful eleo< 
tromagnetSi known as the JiM magntk 
In 436 let ABCD be a od capable of rotation 
about the axis U m between the poles i?*, 8 ofamag- 
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UvUiplyuig OS) hj 21 na& (11) Taj and salffinAting 

aim fin pxeoedmg ease, vageb. — 

(2f]:2/| — iP) 

a» 

ig an e^pubon of fhe biudcib Igrpo as that dealt iritb 
faiAtb251, teifuQftiia tana 0, and 

just as m this last case tin soilnho&u.— > 

9isz96 

sofheB(dnhoatofhBa'banrBu — 

_ £i«i . 

i;=x. 

Agam, from (12) os l)eEoie — 

jy; + Ja-.=:A, 

.• LA + 2aii~“* = A,. 


Pafbmg J,s= 0 idieaf = 0 've get A, ss JUI, aaid 8 q 1)> 
shtatii^ fhu for Ax m file pteeeds^ equatum m get — 


2y;+ ane""®*=3n; 



As i immeBiea mom and nune, e Iwwiwinwi nsarar 
and nearer cero, and usero if f be iofiiute, beooew — 

ISwittefioadsiBxlmiuii'mdna otl^B >(12) 


Qompoiog (LO)and (18) \re see 13iai,«Rft fte eondmisr, 
IKa ffiomnum mZne tf^u ioiAh As maximiim postUio 
value ^ 2^ uAen the emdeiuaf w ubienf It iboidd te 
noted the lesistanoe of lAe seeondaxy baa been n^ 
lected, so that fhe Tallies of gxran above «»■'« neirer be 
adnall; reached m pnobce. 
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mngnitudo This it >11 bo oven bettor reabsed by having a 
largo number oC coils uniformly distributed along the out- 
side of an iron core, suitably cmmecting tliem and usmg 
a commutator divided into a cotresponding large number 
of parts or segments 

One method of connection is shoim in Fig 4 M Here 
sizteon mres are spaced umformly along the outside of 
on iron drum and cross connectionB ore made os indi- 
cated, the contmuous linos denoting connections at the 
front and the dotted lines those at the book of the 


armature 

From the front end of conductor 1 a connection is led 
via a commutator segment to the front end of conductor 

8 Boturcon 1 and 8 there ore siic conductors ; addmg one 

to this vro get tvhat is called theyntch (seven m this cose), 
and this pitch must bo adhered to for the whole winding, 
Thus the bac^ end of conductor 8 is connected to the bock 
end of conductor 8 -(■ 7 =: 15 , and the front end of 15 is 
joined m a commutator segment to the front end of a 
conductor which is sovon ahead of it— 'Viz to the frontend 
of conductor 6 The back end of 6 is joined to that of 
6 7 s= 18 , and tbe front of 18 to the front of 4 via » 

commutotor segment This is repeated, and finally the 
back end of 10 is joined to tlie back of 1, and a closed 

winding 18 obtained . ^ - jt. _ 

Thebrusbes make contact as indicated wiro the com- 
mutator bort, to w&cb conductors 1 nnd 80^ oo^uotom 

9 and 16 are connected An appbcation of tte 

rule will show that* with the armature revolvmg m indi- 
cated. the currents m the external rondTOtors on the left 
are flowing from hock to front, whM 

ductorsonthenght are flowing from ^t to back IIub 

ta ihe armature areutt the ^ 

rn S- alonel - 10 — 8 — 12 — 5 — 14 - 7 - 16-^+1 
(2) B - nlrog 8 - 15 - 6-18 - 4 - 11 --2 - 9 
whdst m the external cuomt the oorrent flows from S + 

toB — 

A ..mple oxpwssam for the avemga B M F. of this madune my 
bo mdify ostobliriied , tbtia— 

Lat total BUBnotw finx passing throngh the Minatuw. 



suHJSBoxiomcxo nn>iroxz(nr> S72 
IB enmioyed , a IwuBh pnases upiA eaflt ting and 

serm to Ind tiiB eunant, vhudi IS stm altetnafong, to and 

fam flu otcint To obtam a diteeb instead of 

an nifamufane conent m the eoternal cuoaib a qdtf niijr 


Kg 4S8 Vig.489 

eemanMor (Fig 4S9) is used, if the gm in the zing 
pasm under the hruahes xhen the oou u vertical the 
estanial cnneiit go and dovn in tbIdb, bat it mU 
not tnerae m duedaon 

It IB dear that naag a second cwl at i^t angles 
to the above the mdnced E3IF in one eou will be a 
nuunmnia vim that in the other u seio, so that by 
snifably oomieoitiiig the coda and naing a four-foit earn- 
ttnitafor fiie estenul eortenb viU be mote constant in 



Fig 410 
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Ulus UlO macLmo quickly builds up With a senes 
Iho presauto at tbo tenniaals iBcrcasw as Ibe external cun 
rent mcroasos, nhilst tiitb a shunt machine it decreases, 
vntli a compound luachino tho pressure at the termuials 
con be made to bo pracUcallj constant whaterer thecununt 
The principle of tho motor is that of the monng coil 
galranometer ; tlius if a cununt from some external sounsa 
bo passed ihrowh the annnturo of Ibg 410 it mil begin 
to fotate, tbo uirection of rotation being detomimed by 
Fleming’s left band rule (Art 170) Nov vhen running 
it mil of course act ns a dynamo, and an upheabon of 
Fleming’s right hand rule (Art 289) mil shov that tbs 
induced N M F e is opposite m direction to N, the piessuro 
supplied by tho external source , this bac^ F hCF. e is an 
important factor in practice It le matter of easy proof 
that the vatts transformed by this motor ate el, vhere e 
is the back E MF in \olts and / the current in amperes 
(cf Art. 194), and that the torque (Z*) and horse-power 
are given by 

T ss ^,1 ... pound feet , H P. ss 2* x 

The brake horse-power (E H P.) is less than this owmg 
to various losses 

Motors may be senes, shunt or compound wound 
Series motors ore used when a powerful starting torque is 
requoed, og to. idectnc trams and trams shunt motors 
run at practically the same speed for all loads and are 
therefore useful for driving maohine tools, etc m com- 
pound motors even more constant speed for all loads can 
be obtained but they are not largely used 
21e current in a motor is evidently (E—e)/B where 
JB is the applied pressure and e the back EMF If 
the motor be at rest and the full pressure JB be suddenly 
applied the current will be JB[B and as JS is small ^ 
mU be excessive and will burn out the armatme !w 
avoid this a vanable resistance (the "starter”) is put m 
senes with the armature and os the speed (and therefore 
<?) increases, this resistance is cut out step by step Mfal at 
full speed it is all out aud tiio only resistance is E— that 
of the motor micnit 
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2«s total mnalMr oC etbavnal xnm ooaoMtedia aanas on the 

n B imiaber of imlutiona per aeound 

liaob oiteinal mie onta J* tabes ftoice m one teTotafcion, eudi 
eondncAior eats 2F tabes pet tevolnboo, and flieiefote SlFVi tuiws 
per seoond } luDoe 

E for eoeih oondiietor » vcflts 


Anni, smoe tiie taubeB ate plaoed diametnaa]^ opposite each 
oCber. the e u rreob has obnondy two patibs throo^ the sxomtaie 
fitOQ unidi to hnuih Earther, esoh path oontauiB Efi oondnoion 
u senes fonung £ M E , the two pa w be^ axiax^ged in parang 
aadpiibaslhe oombmedEHE <2 two eqaiu battenes in paxauel 
» tMBBine as that of one battecy, so the total E hLF. in thu case 
IS that dne to £^2 eondaoton, mice 


AvetageEMF ofdynoinoB^^ 

FnZ 



^ts 


Host duoefc ODRent maohineB axe ae{f-e»nled, i a, 13ie 
eliole or a paxt of the earreut from the axmatiue posses 
rouid the fim inameto to fiuther esate 
^Dsagpuitisniofthe bemg axddciieiLt to start the aetiaiL 
Ag 441 represanto Imcwm 

as amtt^shiiin^BiidcompottiuZTraiindmaehmesieqpe^ 
utthefigine JB^i8iheaxmatoxeiShtt>ti*BM<3^<^'^^^^‘^ 
losgnatB 13ie whole pnnoiple o£ selE-excatotuni la that^ 
owu^ to fhetesidiial maraebsmm the fields, the atmatoxe, 
oa staxtoigthas onEhfv andonTtentder^pedto 





I round the indds stcengthena thenn so 
and eoRent ore devdopedi, end so on ; 
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tbe r^tnnm of mnl jfiva the Ime nsistanoe phu the nsutnnoe 
of ^ and a Bimilor relation holds for stabon 
V ^ w tmiMfiixttifig to B then on oloains K\ the current 
divides into two egwcrf wits at JC and since ^ and By ore wound in 
^position they cancel each others e£^t on Mi which therefore 
does not reqioi^ but the current passing through Oi line (7, to 
eortt aotnates so tiul: Iho signal >s recorded at JB A wmiliir 
explanation holds %f B fmly transmits to Ai, 



Suppose now tbat^ and if ore both together, sag each 

eendiiig a **lo 2 tg current^* As the two battenes aie workuig ** equal 
and cqppoBite” through Oi, and hne there will be (jpraotioally} no 
current in this part^ but current oontinnes to flow throng Di and #- 
D% so that boto JA and respond to a ^Mong cumni^” t e they 
respond as long as Ax ^ 

2mow unsgine fhat^ simultoneotis^, A seods a **long^ and B a 
**shwi ” lAey start together sayg tto, when the key at B opens 
(key at A still down) the battery at B is out out so that no entrent 
fines from it througn D% bnt onrrent now comes in from the line 
Itough Os so that ius oonturaes to respond to the “long” from A 
At A howeverf tbim are now equal ouirenta in both Ot and D. from 
ihebatt^ at A nhibh oonoef each others effeoton JU] so that it 
no longer responds !^nsj&’aBignaltoA ceases when ^ is opened 
bnt A’s signal to jSoontinuos as umg as A| is bloscd The student 
fdiould think out other oases for himself 
As indiflfttnf^i the above is only a brief eianoo at one or two 
general pnnmples ; for details and modem developments somegood 
mrk on Telegraphy mnst be oonsnlted 


257b Tdeplumy —As m the preceding Beotion> only the briefest 
reference to one or two general pnnapleB can be gi\en hero 
A section tlmwigh tlio BoU lOairiicto telephone is shown w 
Fig 441c Hewlu is a permanent magnet oartymg at one ona a 
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lorflillBr detaalB on aaod Mo tofa th e stodeat 

dicmidiead Zbcbitteol EUcbnci^ft Obaptors XEZ. aaid XZ 


&B7a Tdiegnsliy~-Oidy thesimpliBrtzefie^^ 
gennnd pnaoKpIm i«n b« giTm 

Xa the Mam SjfUtm tha tvo amak form aroida and 
]mmlm,eto moorceiita of long axia short dncatBOn OnomoHiDd 
o£t 0 QaTiiigtliemu^ineflxao£a 9 Eoi. 8 O •omdar whiflih oonsists 
id an dflotro-magnab fitted 'Wifh an armatmo m aueih a poaitioiitikat 
fha latter u dmim down apon a atop vfaea thaonxxmfiowaimd 
flies haok aganwb aaoiber atop vim the onnrant oeasea > the 
qperator thus listens to toe duika and sotioea vhetber toamtonrala 
hetveentoemaxa**ehort’’or“long"(“dQt**or**da 8 h”) Mother 
method of teonvum fho ai^gnala u 19 means of 
snadhantm; in i£ib toe annatore le attaohed to a amall ndm 
vhed and voder tosBudnv&hrydookwork a long lumrov aizqi of 
paper When toe armatiue la not attraoted the vlml le dearof 
toewperbvbvhenatotaotuiBcsiBaes toe vheel eomee into oontaot 
^to toe paper and mmta a dot or adaah aoccndmg aa thedmation 
m toe oaEreab u "^ahort” or '*Umg ” Oombinationa of dote and 
toduB fbtm Xetoen eto aoentding to a definite oode^ ap A — ^ 
B— |C— — eto 

^ A aan jge oarot is shown in Fig 441a If toe Inj on the left be 
dapteasM xt viU be Htod from toe upper eantaot and onirent will 
flow from toe batterj on toe left to t be depraued thenoe to 

linep to toe sounder on the to the and to earth The 
^ g elTsaMnaetora msettod at eaeh end 441a) toov toe 
WmtOTi vhen ‘^sendiDjE”* if bsa appatatna u votlang ooneotto 
toedutanoebebveen toe atatunu u great the line cne mi t may 

be too veak to properljr 
vork toe xeooider ; m tola 
ooae a nk^n enqpikyed, 
i« toalmo onixezitaata- 
atoa an eleobRHQagnet ao 
that it atfraoto an axna- 
tnre and tons bcmge a 
local batten mto oiroQit 
to openta fne reoorder 
In IDnplex Talei^ 
pbyitiapoaaible to aend 
two xnesiagea nimiltan- 
can tcanamit to j? at toe 
The pdnmple of one method 


fiOUNI 



Vig 441o 


along the aame tt A 

tsmiamittnig to A jbin u& wua 

^he dsfihrentml diiplex--wiil be gatoeredfrom Fijg 4415 Th* 
Awm magneto ate each voond with two eqval ootfi in op p owte 
OM^pna and amx^Bnmts are eaeli tto^ to atafeiKin 1 to 
emmpi^ tbezeeutanoeofooilDjjtfifatheredstanoeBiieeqvalto 
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opnneoted to the line , by this device the B M F is maemfied in 
the ratio of the secondary to the pmnaiy tnnis (Art 230), and thne 
can otrcFCome a high resistanoe in the line 



A simple oironit is shown disgrammatieaUy in Fig 441e When 
the receiver is on ehe hook the oinmit is as shown and the calling 
bell can be rang hy oarrent coming in from the line When the 
receiver is taken off the hook the latter moves to the other oontaet 
md the ** speaking ” oirouit is Ihen complete A switch is indnded 
in the microphone oinnut so that the battery is only sending ooiieat 
when the telephone is in use 

In telqihone exchanges small electric lamps light np automatiealty 
when the instmments are lifM from the noou and the exchange 
then rings up the other person with whom speech u desirra 
connecting the two subsonoers together Other mmps indicate to 
the exchange operator when oonversation is finished so that no nng 
off IB necessary For details of modem developments the student 
shonld refer to some standard woik on Telephony 

EzerciBeB XVZZ. 

Section A 

(1) Desonbe expenmentB illnetrating ihe chief laws of electro* 
magnetio induction* 

(2) Prove that the induced £ M F is measured by the rate of 
change of the flow of induction 

S Develop e^^ressiDns for the instantaneous valne. the maximum 
i, and the average value of the mdnoed E BI F m tiie case of s 
coil ratatmg about a vertical axis in the earth’s field. 
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(4) When A conductor I centiffleires in lenctb carmoga enrmit 

e (m 0 G S cloet^omsgnctio nxute) is plaoeS at nent ancles to a 
nagnctio field of Ftrenrth the force acting on the condacto is 
equal to Hie djnes. Use this result to detenninc the raise of the 
cfeetxomotire force generated when a eondsetor is mored with 
relocitj r cm /sec in a dirccbon pe^-idicslor bo^ to its length 
and to a magnetic field of etrength m Dedncc the result that the 
E.M r. generated is equal to the rate at whibh the magnetic lines 
of force are cut b\ the conductor (RSe.) 

(5) AEdlenoidalooOiOcenUinetresjnlengthi wound withSOtums 
of wire per oentimetne^ has a radius of 4 fi centimetres. A second 

of 7^ turns is wound upon the middle part of the solenoid. 
Ghiculate the coefficient of seif induction of the solenoid, and the 
coefficient of mutual induction of the two cdls. Will the indeetanoe 
of the solenoid be aSccted bjr short-cucuitxng the ends of the 
secondary coil f (BSa) 



xaacaouxwsrsno xtmvonOK 276s 

M Defina ooeffionat of aelf-jiidnotum and cooflbteifc of nntnsl 
indncAaoii 

Oq IMienb6tiieQai»feEiMtiaBaiidexplBmtb8»oiiQnof 13^ 
tmooL 


flectlim S 

(1) Aoopper duoliKving a dutaster o£ 40 oeatunofaMB u totetad 
about a bonsoatal aaoipoiqmdioalBr to the dieo aadpetaUel to the 
aametio ueEiduii Dm oniahea nake eontaot mtii the dseo, one 
at the oentre and the other at the edge If the 'valne of the ho&« 
loutal oompoiaiit of the earth’s field le 0*20 Q 8 1 findthepoteiitul 
difibcanoe xn rdte between the two bnubee when the dno makes 
S^OOOxerdhitioQSper mnmte (BwE } 

What are the megntodeaiid dgeotaonof the foroe aefaqg ona 
■tmi^t (NmdDotor 10 eentunetrea long^ plaoedatix^ani^tDa 
magaetiD field of fiO linesper square oentime^^earxent tfaroiu^ 
the eondnetor being 5 an^pecea* 2h vhat umt le your xeanlt ex* 
preaied* (BB) 

9) A rertieal hoop of wire, at nj^t aimles to the magnetio 
meridian^ la qmbUy mtuoth umfoim speed turned thronmUQP 
about a Tertual axik its ongmally eastern half moYing northw ar d 
atficst State the direotion in whuh the induoed onnent paeees 
wi^Lgie iB^anddateraMmstoT^ of timhoop 2n 


BeoUon C« 


(1) WhatuanagoetaoS^* Beaonbe a mediod of detemumiig 
m ma^i^ dip by the tevolntion of a <M»1 of wire about an an m 
itaownplaae (T«tei» B8o) 
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259, Ueasnrejnent of Solf-i&dnctaaco iy the 
Bayleigh-Uazwdl Method— ]ii Bajleigh’s xnodifica* 
tion of jUxucn ell’s onginal method of mcasmuig self-induc- 
tion the throTT of the galmnometer needle in testmg for 
the balance of transient cunentSi after obtaining exact 
balance for stead/ currents, is compared Tnth the per- 
manent deflection produced bj the steady current oV 
tamed through the galmnometer bj usturbmg the 
balance for stead/ currents This disturbance of balance 
is effected br making a small change in the resistance of 
one arm of the bndge 

For this method the coil whose inductance is to be 


measured is connected up, as shown at £ m Eig 442, in 

one arm of a TVheat- 
j stone Bndge arrange- 

non-mducfaye 

I resistances Iftheresis- 

0C tance of the coil is yeiy 

I small it 18 advisable te 

insert a non-indncfavere- 
sistance in the same arm 

|l|ijl|i|i ^ simplest arrange. 

Fig 442 meat is to malce P = Q, 

and to facilitate exact 


halnBRiB g for steadj cairents the resistance in tlie arm BD 
slionld be two resistance boxes arranged in parallel Ap- 
proximate balance for steadj cnrrents is obtained between 
the resistances P, Q, B, and S, then 8, being adjusted to 
a value a little above the value necessaij for exact balance, 
the resistance T is then adjusted until exact balance is 
obtained with a resistance STf(8 + 2^1 e^ual to JB, in 
the arm BD. The keys are now worked in the order Kg, 
Kt, so as to test the loanee for transient currents The 
m the arm CD will now cause the disehaige 
of a quantiij of electricitj through the galvanometer, 
and there will be a sudden throw of the ^vanom^ 
np odV This tlww is noted; let the sciue deflection 
be d,, indica ting an angular deflection, Ih, of the needle 
The for steady currents is now disturbed by in- 
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MEASITKEHEBT OP XEDUOIAETOB. 

2S8. Xatrodiictory^The WlieaM^ 
meat for meafinmog lesutances luu beea ttgpusd to the 
meafliizeiiifiEiit of ladoafoaoe Ih. the WheatBtoaae 
BU&od for the oomponsoa of xesutosaoes the habmoefor 
a steady onrieiit u made by pxeasmg jUnt fte latkary by, 
mi fha^ loKea the eurreni ts etfoUimsd^ {bgahanmmr 
lay. Hthe^Taooxneterlsqrveropatdowaaratfl^ 
the hatteiy the pieaenoe of ^aetm resislances in 
the arms <n the iTOidd, ditxmg the Taadat^ 
the cmrants, disturb the bahmee ol the bridge and the 
galTOLometer voald indicate this by a sadden throw of 
file needle at the mstaiLt of dosmg we batteiykey. It on 
doimg the 1 d^ fo Ats fotter ordsTf after font adjusting 
emot balance with steady earrents m the usual way, were 
is no throw of the needle, then either thero is no indnolive 
reristanoe m the arms or the indoction etEeoto fo 13^ ams 
of the biddge balance each, othm mthegalTanoiiiBiBr* 

The oonoitums for this bahmce oi mda ctM m etfeete 
depend iipon the xodnetenoe^ in the bridge 

aamiB, and may, therdoxe, he ftRpbed to oompare induc- 
tances smtaUy placed in the bridge drcoit If there is 
only onemdnetiTezeBiBtanoe m the enooit, the throw of 
the mlmnometer needle due to the Bei£4ndnofion of fUs 
reustwce may be compered with the throw piodaoed ly 
the diseharge of a known qnantriy of eilecirieity throngn 
the golTanometer, or by the permanent 
by a known steaidy ennent when passed through the 
g^Tanometer 
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Prom the tiro lesults thus obtamed we get 

— = - 
hfJ! Sir tanfi] 


and 



£ 

I 



Smce Sj and ^ ore small 

S, 

tan^j 


and, vhen p is vety small, I and T are approximately 
equal Hence ire grt 

£=*31 A, 

2ir 3i^ 

When necessary the exact relne of Tjl can be csloolated 
in terms of the resutances inTtdred 


260. SCeasnreineiit of Selfdudiiefcauee hy the 
ffihnington-SCaatirell SCethod —In thu method the self- 
inductance is determined m terms of the capacity of a 
condenser by balancing the throw due to mdnctoce m one 
arm of the '^eatstone Bridge against the throw due to tiie 
action of a condimser in another part of the bndge eircmt. 

The bndge cmiait is arranged as shown in Fig 448, 
which is the same as that giren above, with the addition 
^ a standard condenser of capacity 0, having one terminal 
at A and the other tenmnal movable so that it 
can be connected at any point X on the resistance P m the 

UTIH jjL? 

Twingina the heys Hx and JB^lio be closed, and that exact 
balamreobtems for steady ourrentB with the condenser 
«Ar.ti«nfa.a between the pomts A mi X The presence rf 
the loll not in any way afect the conditums of 

ho.Tn«m in the steady state, but if, while exact balance 
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conaniu T BO that 13)6 'rdaeoES3y(S •)- S^uiasraaBedby 
a Binali Baounoit /» On teBtmg for baJance ot steadj 
cnneiitB there 'vnlL nov he a pennanent defieotion o£ the 
gahanomeier LebtfaiBheaBcatedeBeotum^indiflatiiig 
an angnlar defleotum, ^ td the needle 
IE jb denote I3ie adf-xodnctence oE the coil esid. I the 
cnnent estahliriied intiie am OP on tealang for ttaneient 

cnxinnthahuioe hy doaingSTi after Ihm g, l^qaaatriy 

of aleeb^nty diawiaiged throne^ the gahraaometer, is pro* 
portumal to ZI, 13iait is g s %LI, irhere hu a constant. 

andtherrfove Uilss^nn^ 

In nraetioe it u heat to obtain tiie indnctum tihiow oE 
the afimumOter needle by flnt balimmng endiy for 
rtea^ oanenta and. then anddenly noming the emrent 
W^tfaia IS done the qnantdy, g, ia ptopcanional to 
and ire bare 



Alao, \rbenthe xesistanee m theann BD IB ineieaaed by 

an amonnt p the potential differenoe for tiiat atm la 

ucreai^ by an avoont Pp, vbere r IB the onrrant m the 

am a fter th e ineteaae ia eBeeted and the balance for 
■t^y enne^ diato'M Hence tiie pennanent current 
aetetmn^ thiot^ the galTenomefer may be aud to be 

one to ^ mmmnent of potential diEEetencein 13ie asm HI) 
Mdmt haetorepwpwtioiialtorp Thati8»,theonnent 
ttoons^ ^ mlranoineter, ugiTon by 1 33 IPp, irl^ 
on aceomrtrdflieaynimctiy of 13ie bridge. tLaamaiMiZ 

etaint as for g abore 

‘IS 


Bat 


tandu 


andthenfore U^»as.^tan«i 
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But 

Hence 


Si Ci^ B B + S 
S. L'8 P+Q 


That 18 , since by the condition for steady balance 
BQs^PB, 

2i _ Cj* B(li + £f) 

S, L JP(B + S)’ 


or 


Si _ (y B 


Therefore, when there is a balance for transient currents 
and Si = Sj> ^ 

Ot»B = iP, 


or 


i = 


Ct^B 


The balance for transient current should hold at malcB 
as well as breah of the eonent Hence the usual method 
of adjustment is to change the position of X until there is 
no moTement of the needle on maUng and breaking or 
lerersing onnent at H, while Kf is cilosra It will be clear 
from the relation 



that, as the maximam value of r is P, the nuniinun i value 
of 0 with which the adjustment for balance is possible is 
LjPB 


S61i lEeasnrement of Self-sndnotaace by the 
AnAmmiM Uethod.— By a modification of the preceding 
due to Frofessor Anderson it is possible to avoid the 
moving contact at X Ihg 445 gives Anderson s iMthou, 
and 444 a slight modification, the latter will be con- 
sidered first 


^ extm non indiiobve leswtanoei N (Big 
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balanee of iho btidn, so th&t by altenns it aCtec tba steo^ eorrent 
Inlance it obtamea tins Ixdaaoa is not dutncbed aod tiio ehaigo in 
tiie flondflnsBr can be adjusted softs to «fb the Inlanoe foe fafta ront 
enrre n ts Xhft opeifttioiis of tins meraod consist tliezeCiiro of fa st 
ofataimng esaot oolaoce fbr steady onixeats and Uien adfusting IT 
nntd liwre is also exact faalfliioe for tiftnsmt onncsitB 


C 



^ ^ same noCatmn as abore it & esfdent that tte 

efaam in the ooadeiiser, IS rZTf/x 4- 4- PJilfJ, and the partial of 
this iendnig to pass tlizoix|^ tne gidvaimieter B en^ 


Abo^ aa abofs^ 


P 4" d P » — 

S+W+Z^’Y ^ 

. _ P+Q LI* 
** F+^+^- -T' 


and after aobatitiitum for FaodA'ftiidamE^hficatitiasreget 
_ PP(£-f-8) 
ft 

and on saba ta t afan g lor F and tedneuigaa baloEe ve get 


i^-^CZ's+irar+Pi!}. 

7* L 

w tiist Tim ■> f t 

£= cr2irB+ Jrar + pjb;. 

Ia Aadstaan’s metihod (1^ 445) lilie oondeauer is cost- 
aeeted between A and tbe guvanometer bftancii at N, and 
r is the ndjosiable non-mdnetive iw»ia*nTiw> 
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263. Compazison of Two Solfuductaaces Isj the 
NivexL-KCaxwell HCethod. — ^A. modification of thus method, 
proposed by Niven, allows the companson to be made 
without repeated adjustment of bailee for steady cur- 
rents. 

The bndgo resistances are arranged as shown m 447, and an 
additional adjustable non induotive resistonoo N ts oonnooted be- 
tween the points It and c, tlio point b bung tho jnnotion of a and ai 
the indnotivo and non-mduotive resistances m the arm 32>, and 

thepomtc;i thejono- 
tionoftheresistonoes 


18 also shunted with 
a plug JET, so 
that^ when the ping 
18 m, the resifltanoe 
xn 18 practioally 
nothmg 

The first opera- 
tion ^ thifi method 
oonsists m obtaining 
a balsmce for steady 
Fig 447 oortents with the 

pine m the key Jf, 

tho tenatanoo r of eero value, and the value of iv infinite. This 
adjustment gives PJQ « VjP ^ unplugged and the rems 

tance e adjusted until bomnoe for steady mirrents is again obtained 
This gives P/Q = + 8)/(r + p), and wo therefore have P/Q = 

gfp zs that is b and c are for steady ounents at the same poten- 

tial ^or the third operation the balance for troxuient onrtenta 
is tested and the resistance N adjnsted nntd eamot bahmoe is ob- 
tained When this balaneo is obtained it can be shown, by the 
method worked out for similar oases above, that 

I>i-P(2^+P+«) 

I- — -m ’ 

Li and Lt the induotancei of a and r reapeotively 


r and j> in the atm 
(JD. IheooilrinOh 



264> 3IE6a8iiv8Jiteiit of OEatnal Isdnct&iiee iy theeey 
Foster's lEetbod.— The mutual induction for two coils 


may bo measured in ierms of the ca] 

bv the following method due to Proi 

The two coils P and 8 (Pig 448), P the^aryand 
iS the seoondaiy, are connected, as shown in the diagram, 


of a condenser 
isor Oaxej Poster 
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2CS. Coiai)anso& of SEntnol Zndnctances Ucuc- 
well's IXetliod.'-— This arrangement ^Fig 448) is oxacih 
iint of Tiumsilra's mofiiod for commnng E M F 'a (Chap< 
ter XVI,), the oWtromotne impulses 2i[,I and Jf.! pro* 
diiccd in the Ino sccondar; cods by making or brc.sking 
the current 1 in ilio primary cods taking the pari of the 
E M F 'a in Lutnsden’a experiment 
The npiKimins is arranged ns in Fig 4-19, and Fj and 
JR. are adjusted until tho galvanometer is not deflected 
when the pmnniy current is made or broken If x and y 
denote tho induced quantities circulating in E, and S, 
and t tiio time, then, npplung KirchhoiTs lanr to each 
secondary compartment — 

(St + JR,)x + G(x-y) = Jir,r, 

(St + S,)y-G(z-y) = ir,I, 



Pijt «» 


and, since ir = y, 

^ — ^1 *1* -^1 

If J?j and Bj bo altered 
to and so as again 
to Eccnie a mlance — 

Jf, s. + By 


366. Comparison of the Self*indnetanee of a Coil 
with t^o SEatadl Inductance between it and another 
Coil by KaxwoU's Uethod— In this method the first 





or uroTrcsiBOB. 


k tmxA ink a eondouer of omeily (J, tiio xurn-uidoo* 
tira zesutaaica £ and (), and iik gabBaunadieir & Bj 
warn of a ke|^ at J ^ oonont m P oaai be ma^ 
biolreo, orievenedi and aa mdootare mpolBeeqTud to 
or MI liherebj art in £f, vim IT u tbe coefoent 
o£ nmtoal mduokm kr the ooils and I la the oonent m 
S and P !I3 i 6 oondeouer ako, with xta temmiab oon* 
ittrted to the pomta i and P, beeomea dharced or ^ 
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Snbstitating in tlio preceding equation— 

But QS ss BPf 1 0 QS/I? » P , hernm 




JKr5 

i/’ 


• ^ 


267. CondliiBioxi •— The student who works tbnmgh tiie pre- 
ceding tests 'uiU come to the conclusion cither that he is a poor 
espenmentcr^ or &at **tho oppatatus is wrong”— probably the 
latter ]^th oonolusions may possibly be oorreott but the methods 
nro noNcrdieless tronblcsomo aud unsatisfaotoi^ at the best 
Kewor methods dqiendmg on the cmplc^ment of altematmg 

onrrents are being derelqped, 
the difficultiy, howe\er» has been 
the lack of a cosmment galvano 
meter for alternating cnirent 
work This difficulty bo^ m a 
measutOi been overcome the 
introduction of the vilmiion 
galvasLomeier of hfr Aibert 
GampbeU It conaata of a light 
coil with a bidlar Euspension m 
between the poles of a magneti 
the Tibration frequenq^ oan be 
altered and made to ooirespond 
with the fxequemy of the uter- 
natang current When "tnned” in this way the spot of bght on 
the ^le becomes a band whose length is prcmmliODal to the 
ounent strength Campbell desenbea, in the i^oesedinps qf the 
Phyeml Sotmyi several methods of oompanng induetonoea and 
oapaeitiea with thu galvanometer Thus, with a oapamty (7, sdf- 

moTOtanco A and mutual indnotanoe M, aironged os indicated 
inFig 451, and reeistanees adjusted for no oumnt in the galvauQ 
meter, it can bo siboiwn that 



Fig 461 


JIf ^ n n — Pi + Pa ^ ^ P.P. A. P^P. 

^-PiP>. jjf a + 


Szovmso Sstablish the above relationships 



oddu^intooiiaacm of the hndge, and Am sooond u 
pat m tile liatteij bnooh, the comiBetions oeiag onm 
^ttiie IHF doe to seU-mdiiotaonml/ u opp(eitB to 
the S VJf m L doe to the indootne efeet of the other 
ooiL 

Th ft ffiTTMi g ^nimtMriiairnmRfr 4fi0 On baluems for steady 
op twiito PIS^QIS 

Donm the wyu^ penod (iTt the F D Iwtwm 

AiaiiSv 

and Os PJ> Mmen landau 0; Forhabnaa^theMfotek 



460 


Bnttaep^-g, 

As no camat passes fbtoagh O, pse and q^r, and, dnea 
St^Br, 

: Spsil^, 



m, 
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Tina » the uaual wav of presenting these relations, but it will be 
Been that they imwlj that JB, JT/, and Joni quantities of the eame 
riJinonBions, and that and k are niero numbers A more complete 
way of p^Rcnling Iho matter is ns follonB If it, bo defined from tho 
relation B » /i// it » ovidcnt that /i can bo unity only for on un- 
mnmctisablo medium IleneCi if wo tako air as a magnotisablo 
meumm of rarmoability /ig, and consider for a field of intensity JT 
tiio flow of iiidnction across a crovasse, flllcd witli air, in a mrainm 
of pcrmcabilit} /i, vto have /i// as tho induction in the medium, and 

/>o [JT+ ^ induction in tho air gap, i being the 

intensity of magnetisation of tbc Air Hcnco wo bav o 

= (/■-«)] or JJ«/io/r+4“(r-0. 

Uiat Wfts + iyjff. Here, tf/igba taken os um^' and 

(I - U>o mlcnsitj of magnetisation of the medium, no got 
It 7/ + 4rl and /i s 1 -f 4nf, as above 

269. ISagnotising Force in. a Uagnetisalilo Body. — 
Wo have froquontly referred to tho fact that the magnetic 
or magnetising force to be used in the present investiga- 
tions 18 that t» ihe mafenal and not that in the original 
field before tho material is placed there, and that the former 
(Hj) 18 less than tho latter (JZ) otnng to the demagnetis- 
ing reaction of tho poles of tho specimen It is stated in 
ib-t 9 that Si St E —Nl, tvlioro I is the mtensity of 
magnetisation of the specimen and 2?* is a factor depen^g 
on its shape and dimensions If tho specimen is a long 
tbm rod (300 to 500 diameters) the poles are at a consider- 
able distance from the middle portions of tbe rod, and 
theieforo do not produce any marked ireakemng of the 
onginal field along the middle portions, in this ease S, 
may be taken identical mth E Farther, m the case of a 
Ting magnetised by a coil of mre mapped closely round it 
there ore no free polos, and ogam S, may be talcen equal 
to JT 

To apply to the present investigation the eroot and fun- 
JinmmrSS defini tion of the mteusity of a magnetic field, 
VIZ tkat if IS measured by the force t» dynes on a unit pole, 
■we must imagine a cavity in «ie material m which to place 
tho unit pole A cavity of any shape mil not do, bowav^ 
for tho mills of the cavity will exhibit magnefasm and exert 



CHAPTER XIX. 


vmsm> mssmmxLCfs asd mbasube. 

lEBITD OF FEBMEABIUT; AISTD OTHBB 
QITALmSS 

868. Bsvisionr— Betora proceedug flbos dnjiteir 
tbaBtadeatmtnfezariBetibonnighfy S-lSdOhapterl 
Tbe traili of fhe nlatioii S ss JT+An-JiuBgraeunlie 
dunm Oonsider a long fhm xod of noa plaimm a 

vnifmm nagaetu) fidd m anr lia lengtih pardQd to tito 

field Xbe lod mil be sugaetaBed I7 indT HitKyn, and lihe 
ende'mlledubibMlaabr; Mm denote tibeebien^ of flu 
pdee Tbe mnobar 01 taut tobee emanatii^sma fhe 
norfh wfieia 4)nB, fheBeinejbeaeeninediiObeconiini'aonB 
tte bar from fhe eonOipoile to I 3 >e north pole, bo 

thatk if a beihe eroBS-Beebonalaiea of fte bax.fhe uombBr 
of tabes per wMf arm doe to fhe ^ Ka y 

iB4B-~ , le dffl (Art 20), irhere I u fhe mtenatf of 

magsdnato 1a addition, there ue E unit tabes per 
vnit Biea doe to the fidd: henoe tto total sninber of nmi 
tabes per amt Bieais E ^ durX, end ea tiiuigrres the mas. 
netu mdoffitun or flos detuafy B, * 

S^E + ivI 

^ be esaot the 'ndoe of 5 to be naed m the above u its 

vafaie tn the material, and, as pievioad; iwainn.«^ , »ai;« ]g 
^ than the Talne Sf of the onainal fidd, oeing to the 
&iniBgne&niigdbatdthBpoleB(AxtB 
above, atul negledang Una oiatatbaiuie^ ire have 


1=1+ 


le /issl^.4gnc, 


“rtboddpwTingttotBlBttm 

BssS+4!rl the «frMtj«wfIia««Ter)i that gran Art. S30 

K AB9B. 891 ^ 




i 

1 » 

9 




0? 


PBBVXABIUTT JlHB OTHEB (ptAJtlXtBS 398 


aa nfiuBiuse on iSiatiidt polfli bo that flisfonio on {ho laftor 
mU sofbe the ssee doe sieteLj to fhe oombined 

a nfitm* of toe oagM field and toe end pedes of toe 
BpeoiiBsa 

Oonvder, bowerer, a esrito sneth as is toovm at a (Sig 
452), mi akngindtomtelytmtoimelmtoediieotoiiam 
xnagnefeiBation. BSto sides of toe 
tmiTial ^ eoduM no maraeh- 
satum, toe pedes at toe ew of 
toe tmuiel Tn]l be 'ffesk end £sr 
amj tram toe eesbeb and 'wdl ^ ^ 

not appteenaiblj sfleeib a nnib pede 
pot tom, tons toe field mtensito at toe eenire of toe 
tanndTidlgrretoeactaBlvatoeoiftoeinagiietiring fonse 
JET, m toe qpeedmen Hence Um aagnetlo ot aacpieto- 
idiig fbime JET, iadde the sfpeedmsn in sneBanrikL bgr 
the fbcee in dynes on a niit north pede plnoed at 
the oentee of a loi^ and indefinitdy narronr tnnntl 
in the dixeotian of magnetisatoon. 



IhAilbS2ituiliowttiiiaibinflMaai8oE anmfanihriiiagnfeued 
mlim fhemtsmiiyed the fiddnunde dna to (he a^en ite^ fa 
I^Airhete/uthe mtouto id annirtuninin, ud an axaimnataen 
of Ag 78 ‘Will dunr that tbau lathe opponte dneotum to/, XE 
ffaiB nagnetuafaem he wodnoed hy toe Mfium hewg in a fidd of 
mtenn^ /T, and if A*] denote toe toagnetuag foioe m toe iphete— 

and oampeniig thia With toe e^pteatum 

j/j-ir-mr, 

weieethatfotasphetelT's |r 

Por an ellipioid Ifaranll giToa Uw fonnnla 


whan Og \ and 0 ara the aomMUEOig e baii^ fSie loqg oao In fihe 
dggetwnolthafid daiidtt « & » 0 tnw^'dnDensumxnbo” 
ela It tinu from iha aim fhevalm 

^UOOQtOUIMlinmLniABWIIliytiedttW^^ gpp dwmminnnr^ If M aftfl 

8(K^40(^aadfiQ0g JirhatihoTaliitB 00076, OOOIS^and 0008 


® W*3MueBwi in a UngaatinaUa Bodyd— We can 
8 J 80 defiiie the mdnotumg JB, sa a mnunor MiTmUy to the 
ebore Ckmsiderg &r example anind^^tefyiliiit eremste 







ST& 32s^' 

iisi- -rai Ki«2=a- ^ ^ 

»-!. iSJ- I: S .MDSsB 2=L:«r ;; .— j 


ySriT 1 

w iM 

'l£ acr: 
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275 BomidArx Conditioiis —Similarly, Iwmdaty conditions 
aralogons to those referred to in Electrostatics roost be satisfied 
when tubes pas» from one aedinm to another of diSerent permca- 
bihtj. These are— 

(1) The tangential components of the field must be the sane in 
the tiro media. 


(2J The normal componenta of the indno* 
tios most be the same in the two media. 

Thns^ in Tig 453, from the fixst condibon 
we hare 

fTi sin B| ss JT, on 
and fnnn the second condition 
cos B] sa JETj cos B,, 

1 e 005 Oj ss cos CEg. 

Dividing one of these equations by the 
other— 
tan ai _ ^ 

It follows from tins tiiat when tabes pass from one medium to 
another of smaller permeabihty th^ are oent t&waardi the normoli 
and when they piss into one of greater permeability thev are bent 
amy/ran the normaL The piramasnetio sphere in air (ng; 50 (a]) 
lUnstzates the latter case, and the uamagnetio sphere m air (Fig 
50 (b)] filnstrates the former. 



Pg 453 


276. Theoretical Uftiag Power of a ZShgnet —Thu may 
be determined as folkwa. Let 1 denote the intendty of mac- 
netuation of the iron. Then, assuming the nugnetisation to be 
nnifnrm in the mamet and its attached keeper, we may take the 
EurEace densities of&e diuges of magnetism on the opposing anr- 
faces of the magnet and keeper as / and — /, and the force of 
attraction of one surface on the other per unit area of surface u, as 
in Alt 118, ^ren ly 2rJr>. Hesee^ if A denote the eurface area 
of the poles, and the xntensitr of magoetisatian at every point on 
the surface be the same, the lifting power of the magnet u d^eau 
^ven 1^ where I is expressed in C 6 S uxuts 8mce P, 

the maeuetie induction in the iron, is equal to 4r7 (JB^bemg zero), 
WBhaTeJsPi47,and the lifting power 2rl>^ con be expressed 
in the form 



277 « SEag&etoxaeter Uetiliod of Seasiixir^ 
jtteabaity, etcr— lie mefihod outlnied belorr is app]i^ 
able to spedmens in the foim of Trfres or rods, the lengtn 
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enoamferance, a the sroBB-oeohonal areat and t ih» emniit, 
tin mtmnly (J9) o£ the field iancla is praa I 7 

rr_ 4sr8i 
H p, 

and fiiB finx dsnniy JB is given by 

vrbere ft ia {be penneabihly of the medinm. The flov of 
mdoctuni thioiuA "mih tira is fhecefrae So, and as this 
passes thtongh 0 tmms vra have for the tffedXm finz 

Potting { e^eal to imly, I3ie coeflhneDBt of self'iadnBtion 
Z/beoomes 

j^^4atiuxS^ 

Bndtiistot 8 lei>etgy]ntlieniedininiB,tiiarefote(Art 251), 
Total energy = 

XTov the Tolmne of tiie medinm is, m tins caae» of, 

VtanftA 

Energy per nmt volome =: ^!jEpf.y oZ 

_2irfiS*? 

fr- 

^EB_pS*__ 1 E* 

” &r 

Tim e^Ksnm ahonld be oompaied vrith the com. 

spending ones m Electroatatica (Chapter YE ), 
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But ]f J be the istensifj of magnetisatios and a the 
eroBB-Beotional axea, I — m/a, i e m = la, thuB 

1= A tan e (6) 

a{(<P + P)5-d«} 


or 


I=^Atan e 


( 6 ) 


and, since all the terms on the nght-hand side are knorm 
(k = 18), the mtensitj of magnetisation I is detennmed. 
The rdbibon (6) is <he one invanablj used m piaclace 
So faa uro have considered a permanent magnet N8, 
but the student vnll now be m a position to understand the 

actual expenment The 
specimen of iron or steel 
nS r*T — I ” placed Tertusallj m- 

/;] I side the lONinetismg 

solenoid 88 ^g. 455), 
^ T- its up^ end being on 
a lem with the mag- 
netometer needle. The 
solenoid is m senes with 
a battOT S, galvano- 
meter Cf, and variable 
resistance B Since the 
cnnont in the solenoid 
nfflanf-H fiha needle, the cuomt also mdudes a comj^sateag 
coil G , with the roeoimBn removed and a current passmg 
the position of w is adjusted until the magnetometer 
la nnafiected, m which case 0 is caucellmg the 
effect of the solenoid The specimen is now mserted, a 
current passed, the intensity of magnetisation I calcu- 
lated from the rdabouB (5) or (6) above 
The offeotivo magnetismg force JBi may be taken asequal 
to S, that duo to the solenoid, and the latter is given by 



JI= 


4!tr8t 


1 

where 5 is the total nnmher of turns of the solenoicl, ^ 
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bemg at leart 800 or 400 dnuaeten. in vhuih ease the 
eSeobTB magoetinjig fraoe JS*, m the qpeomiea may be 
fal™ as identMBl ^riih S, the magnefaamg fotoe as cal* 
oidatad fram the dimenaunu of the mngniAiwiig golenoid 
and the crnient Btrength. 

Gonader fint a long magnet placed Tartacally (Fig. 
454), 'With ita npper pole IT on a level vnlh, am ^ 
dutanoe d due nu^patu east of, a magnetometer needle 
ntnated at 0 The field F at 0, in the 
dneobon JSfO, due to tba magnet u 


<4 


_« 


cF+^ 

m 


d* <F*fP 

="(i- 


008 $ 
d 

Vti» + p 

d 


\® 




y. a) 


ng 464 


(jP + V)^ 

Trliere m u the pole BbrngQi of mag- 

S‘iS3tef2d*« y a/C^P + P)« »ay 


F=“ 


(2) 



the rdatuia F ss h tan 0 (Art 


field, then from 
‘veha've 


fit 


m s 


{■gi--~--g)=Atand, 
(d* + pyt' 

htanfl _ d»(f + r)t 


(d»-H»)i_di 


htand (S) 


^ (d* + F)t 

or, nring the approximate zdaioon F= n /^. «« have 


fit ss ffh tan $ 


( 4 ) 
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ailjuilAblo re^if-tanc" J{, and an ammeter or gahano- 
moter A An additional coil D, consisting of a feir turns 
IS notind oicr a pirt of the ring and connected to a 
ln.lli<tic galsanometor BO, and .a standard inductor— sa/ 
an earth coil JIG. 

The earth coil or inductor is first placed sntli its plane 
horiAoutal, and rapidlj rotated through 180° about a 



horizontal niis m tho magnetic mendian, and thiw 
0 of tho liallistio gahanometer is noted. If K bo tho 
Tortical componoDt of tho earth’s field* ti the BoniDor of 
luma and a tho face area of EC, and E the resislanM 
of tho circuit made up of D, BO, and ^0, the quantity 
induced is 27nttlJt , but tho quantity induced is also 
given by 19, iihero i is a constant for tho galvanometer, 

2Fna . 

Wss— JT' '• M 

A small current i, is now started in tie magnetising 
soienoid; this produces a Hut deimity (say) h, m the 
snecimen, and a momentaiy induced 
tErough the balhsbc galvanometer ci^il, «; 

♦hwii/fl If a, bo the cross-sectional bum of tho nng 
iWl flo« of induction is h.«,. and if them are n, 
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its loagtii, and i the cunnnt m absolute units ^Ten I7 
the galvanometer Q Thus \m have for the qpecimea m 
qnertion (using the idabon (6) for nmpheity) — 

r_ f&tan 0 
a ’ 

tan0 

*“5 — rar* 

B ^ iy-{- 4 fmj ^ tan. 0) 

Ifl 

„ B But + d%l| tan 0 

'‘“5 Sf 


Ab th« rad u Tvrtusl lb ii Babieot to lodnebTfl AohQD of r, 12^ 

wUottl oQiukpuieiib of tlifl esrOA fiold (F 4Xii forthuraBaonihe 

ypiBiw JST 

mttoalKm Abettor mathod ii to alwHun-fi^ toe efitot oC Fbv 
\nnding orer toe fitto nUnoid a wwwnd eplanqid QQoneotod to a 
npento mtto^; witA no ontnob in toe aotound A 8 L toe nn* 
nagDetmod mdu untied, end toe direotton and rtcei^ 
etttraiktin ton ee ecindeeleinoi d BO aneaigedtoattoe ^^*«^^ teznaiiiB 
£,!l !uSS 1 i!? S * 1!^ eatto nenttoliBiBg toon 

fcunoto a aepw of Talgeewdandiara obtained, rtaerhtiff'gito 
t ei^ tnd inoraaBm to a xnoxuiiim : tou tt done & toe 

neutanoe R Reafiwa an also taken as i b tedno^ hm toe 
nw ammnto aero ^r^vix« a raversn^g key m toe «iot 
to revecM and uucemd to a nuramnm, then xedvoed to eerou 
^ mtouneaaed to a maximiun in toe ot#ud dueotom Thu 
att toe d e taih e ra dhtaued for the plating 2E, end 

^yNeteais oucvea 


S78. BaUisUo XIM>hod of ISetunxii^f BennaabBitr. 
•tef— In tiuB method tiie q^edmen is in the *nm, of ^ 
nng, m vrhioh esse, as there are no free poles, the 
^TB nuanethnw force m the qpeomian u identicsl vnth 
raat oahiohted finm the du m e n noBs of the soleaund and 
the atraingto of tin oracxeiiA 
^Die appexatna aad eonneotipna axa dumi in 
Ttu raagnebsiiig aolenoid u doaely inmnd ofver the rinir 
and 18 oonnected to a reraraing fiF, a hatiezj F,m 
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Iiet the moment (magnetic} of one of the moleoulajr 
magnets of the specimen be M and let a be the ang^ 
beti^n its magnetic axis and the direction of the mag« 
netiBing &AA The component moment in the direction of 
the fida is If cos a, and the sum of these^ % a 2M cos a, 
for all the molecular magnets in umt Tolume 'tnll be the 
mtmisztj of magnetisati^ I since the sum of the other 
components peipendicular to the field, nz 2M sin a is zero 

Thus — 2Jlf cos a = Z, 

. dStt cos a =: dZ, 
te — Silf sma da = dL 


Again, the couple due to the field acting on the molecular 
magnet of moment If irhen it is mdmed at an angle uto 
the field is MS sm a (Art 20), and the iroik done when it 
moves through a small angle da is couple x angle, * ^ 
Ji£H' sma da or — iCB* sma da if da be a small redue- 
iton m the angle a Hence connienng again tie mtt 
vohme we have ~ 


W^ork per umt volume = —21UH sin a da 

-= ^(-^Iljlfsma da)if Hbe 

assumed constant^ 

t=SdI 

The truth of the above maj 
also be seen as follows — Con- 
sider a cube of the material of 
one centimetre side and let J he 
the mtensily of magnetisation 
and S the fidd This cube xnaj 
be viewed as a magnet 1 cm 
long and of pole strasgth + ^ 
and — J Let the mtensilgr 
change from Z to Z + dZ This 
18 eq[Ui7alent to a pole of stiength 
dZbeing oamed wm one face to 
ae opposite face thMUgh a distance of 1 cm Henw since 
E IS the field, Hdl is the force, and the wort done for tne 
1 cm path or the change of energy per mtt volume is there- 
fore given hy the expression - 
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fciinM m the ooil S the qnaatriy indnoed it hfiitiJB , liat 
the udnced qiuaiiiiy u aim beoflB 

. h-Ms 

and, Bobifatniuig ths tbIvb of i prenontly obtaoifidt 
h — ^ 

* "SJaT^’ 

fha>h,ulaunm 

The emraat u mnr mnnased hr tbfiuiher step t* pro- 
dneing aa addthmutl flux density ^ i u d| be the galvano' 
meter throw — 

, ^OFiiod, 
i»iOi "9 

Tina st^ by step prooesa is zeumted If B be tiie 
final flux dmnty andi tfad^naZ fom wireat^ 

JB ss &ii -f- 2^ -(• sa:2b 

and JT=M\ 


where B is the smnber of toms in the msonetismg 
solenoid and I the mean atomnCerenoe of rae nng 
Ehowma B and JT. ft, k, sad I can be obtshgud from the 
lehiboaMU M i weno us ty estabbdied, andtheTsiions carves 
mqrbeplobtra 


A batter maQiad u to merN tha field Iff meaiii of the kc |7 fl and 
oh e erve the tiuccnr 0| niudhi cd oouxm^ ia mn due to e dhasm ZB 
iiiitaadofBfDrttDff^eliieQtliheiiiamtuiiwoiifTe^ VinweTf a 
etandaxd aoleiMiidu mdoeboot u unudiM^ 
fte the QBlilnatm past oE the eiqpenn^^ 

879. Bofixgy Siadmtiim dna to Ban>iW!esdair-*I& 
Art 10 it SB atatod wat tbe loss oC energy par unit 
Toliiine for a cycle of inagnetuntioiL ia tapEesentea by the 
axeaofi thelHlmtereaiB loop«orly th^ area oE the BIT 
hyateiresui loop mvsded hj w | thm facta can nm be 
leadify eatablahed 
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and not I, then, since 3 = + S, it is erident that the 

length of each otdinate tn^eioejpted "by ilu loop 'vnll be ^ 
times its length on a diagram where the ordmates i<q>ie* 
sent I Hence, if we suppose the loop to be divided into 
an mfimte number of vertical stnps, t& area of each strip 
m the H,H diagiam will be 4** times the area of the same 
stnp in the J.H diagram Bnt we have shown that the 
area of the loop on me JM diagram represents the energy 
dissipated as heat in umt volume of the matenal, there- 
fore on a 3,E diagrSim the area of the loop divided 
dar will represent this energy 
The latter &ot is also seen from the relation 
EiB = AscEdI -I- Em, 


: j HdBKiir jjEBI + j Em, 



b 

MaptittcRmUtn GSStaaU 
boftinn 

Fig 450(a) 


wbeie i IS the integral 

round the whole path 

The tenn I JETdEiszero, 
0 

for if jff be plotted 
Against S the result is 
A stcaight Ime^ for which 
the endosed area is 
zero , hmce the J?£r area 

|jEr(l5 18 4]r tunes the 
IS area (bSI 


heat, and t the rise in twnperabnre, 

HhatpMdaosdinnnitvolmne = 

and ,1 »» " “ itxW ’ 

Area of /-S’®?*®? 
*“dx*x4»xiv? 


0T TEBUBABUOXT AXn> OXHB& Q,irA13SXEB 
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Woric per noit Toihuns s HSI 

Hov lab OA (F% 457) be the magnatiBBibuni onrya 
{IS) oE ftopeonneiaoE izonandooiiBiidar a email atm in 
& prooeee x^eeeofeed by PQ Tha etap is soppoeea to 
be so sbi^ thaib the ms^nabiing fonoe may be aBsamad 
coneiaiDt dam^f tte eb^ and oc mttgmtade Pjf or Qa 
'wbudi for a 'racy email step ate egnal Let'UnBbedenoteoL 
by E. LcA tlia inteneily Op be I and let Oo be X + dl 
BO 'ibab p2 zepiaaenta dX Ehnoe the trork done o» 'ilia 
material per mut TdamammagneQeiiig IB EH, this irork 
for thu Bhoit step is endssli]^ lepreBented. ly Hia shaded 
area f Qgp. CSeariy then f&e work dona on fte nuifanal 
per nmb wHiume for the irbole magneiaaation repEesented 
^ the path OA mil be the sum. of aUthe smsll axess enoh 
B8 PQsf for all tiie shorb steps mbo irhich the magnshsa- 
tum. may be snpposed to be dmded, t a it mill be xerae* 
sented oy the area OPQAaO Sixnilarly if the fiela be 
radiieed to aero (in irhuh ease the anm ^10 is obtained) 
the 'votk raaforad, le fhewoA dona tjf iho matorial ptr 
nntf vtXuma mil be rqpiBBented ly the area AmJA, 
— 

BaeeBB of ■trork done on unit Tdnma') n-oni/m 

orer mwk done ig mut 'ndnme J “ *®®*' 

Chmsider lunr the com* 
piletebysbeieaisloq^ shown 
in 468. l^rom what 
has b^ said, tibe hoasonp 
tally shaded areas represent 
'wonc done on the xnatenal 
per nnit ‘volume, and the 
'rarbioaQy ebaded azeae re- 
present work done 6u the 
material per nut voume, 
and, as appears from tim 
dgn^ iha exeeu qf the work 
dans on He matmail mr 
«nif eoluffia oaer fkat done 
bfftl i$ repmanted Oa area qf tta Kyatareaia loop DABOE 

U in the.hjaterera diagram the ordinates wyr aB mt r B 
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denotes tbe total flow of induction round the circuit of 
the iron nng Comparing this magnetic circuit irath an 
electnc current circuit, 4i3r8I corze^onds to the electro- 
motiTe force and F to the current or flow of dectncify 
Further, compering the above expression with the corre- 
sponding one for an electnc cucuit^ vm 

it vnU be seen that 2/a/t carresponds to the resistance of 
the circait^ and since JB = pZ/o, where p is the q^ecific 
resistance, l/p correi^nds to p Xhe analogf here indi- 
cated has suggested ihe name magnetomotive force for 
4ir5Jf and magnetic resistance or reluctance for Ifap 
Just as in the current circuit we have 


Current = 


Electromotive Force 


IS 1 = 


FUR 


Besistance 
so m the magnebc current we have 

Belnctimce 

le Jtr=i — = — , 


irhoiiB MM F is 4ar8I snd 2! ib l/ap { it is ireD to rsnioni' 
ber the more detailed expression 



' Oft 

The »«•<" nhiefonce is used in preferenoe to Fenstoncs, for l/a/i u 
not the tine bdbIq^ of eleotnoel resistance Thus tehng 1/ft to 
BM-mapimd to BD^c resiBtance, ft ehonld coiiemood to epeome 
oondnobnto But ft the permeability of the medinni, lesUy cor 
responds to speofio indnobTO capaci^, and Ac nof onofi^e V * 
mm ofBioonrfMafmototal M oiirftowed dx^atne, the positiye md 
nesatiTB diatges at eadi end of a tnhe of indncboii in the ^ele^ 
oamsponding totheposjUve and negative ohaiges at eseh rad d 
the tubes of indnotaon passme thromb the magnetasrt mete ^ 
a«iin whilst the resistance of a conductor at a given tmpetatnre 
IS dependent of the onirrat sfaraga, 
the mara^o oicrait vanes oonsidenldv with 
Forth^the electao mrenit imwlvec tte oxpradil^ ^ 
bn, os (he Gurreni IwOt. in the magnetso onomt energy w only 
featured to estahhsh the flvXi 
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iPDik ipor unit ▼ohmiB pw? oyoto is 3 th® ovwr 10|UQ0 ttr{|S Rsr soft 
ino (emnalfi^ Uu 


!■■■«■■■ ■■■! 
■■■■■■■■ ■■■■»■■] 


!■■■■■■■ KSSi 


immt 


mmmmmmr 4 mumv'Anm 
■■■■■'!■ ■RrAiaial 
_■■■■■■■ ■jnaaiial 


■■■■■■■■■■■■■■■■I 


nty.F. of the fidd Fig 4 B 0 (a) 

UBldB 18 ^SIH, , - , 

wliHte I ii fhs enxrg&t gbrenglsh ana. the flux aeoBi^ 
H B jiF 18 4 afBIfl, vlinra fiu the TOtmeatihljrot the 
mm. B a denoteB 1 ^ flEOB 8 -Beolaoiml axea ot me iron, 
the totd indnebon Faimwe u^secbon. 
of the mm ting 18 gnen hy 

trBI=i-r 

«/* 

Few 4irSI bang eqnnl to 4nSm 
multiplied lij I onaontfy denotes the 


Clio 8 X 18 of liio rou against the a»gw 
netic fame 4irS7/7, tliat w, -tirlSI giw 

potentml for cimili of Also 

K ABUS - a * ^ 


•^a,' 
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poratiTelj small value of n for aur (umtf), cause a large 
mcrease m the leluciance, and therefore senouslj dimiTiisli 
the total flotr of induction round the ciremt 
If the current be in amperes, MMF —4!ir8IpL0s: 
1 25781, and tlie above expression becomes 

F= 



an 

• 51= 8jP2 J. 

an 

Tho product 81 of the number of turns and the cunent 
m amperes is called the ampere turns 

JBzasaple Find the number qf ampere iuma needed to send a 
flux cf 40t000 unt^ tubee tnduetitm through a doe^ e^ iron rmg 
formed of square trm w 2 cm aide bent into a arde of outnde 
dtameler 22 cm Find mo ampere tuma for &e aame flux f the 
nng be cut into two halves, die two halves being separated oytieo air 
gepseaehqfl mm 


CasbI 


a ss2 X 2 — 4sq om 
1 » r X mean diameter 20r cm 
F_ «000 ^ 10000 


a 4 

SVom curves for soft iron, when JS 

. J3/=> 8 X 40000 X- 


>10000 fi=l000, 

20r 


' 4 X 1900 ' 
1 e Ampere tanu » SS64 

0!a8e2 b (forairgaps) =4sq om 

I „ „ = 4 om 

n » M 

20t -2 


•. Sr = *8 X 40000 [ 


4 X 1900 4 X 

t & Ampere toms = 1864 


t). 


The following zuagsetio oironit onits have been sug- 
eested. but thw are not extensively used — 

^ ' Gauss (Art 18) 
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From the praoeffirng \re xnaj define ''nugnetomoldve 
fbroe" u bong nmnmeaHjf egual to the wori done on a 
unit north p(do m earrjpnjf ttoneerounda closed magndus 
path i^tut the magnehe /ores; "xdnofeaaBioe'' maj be 
defined as fie magii^ reetsftmee tfffored iy the nistemee 
to the poMsem magnstiojbat, and hence "xeliuld'vitgr’’ 
may be demed as the magneiu rssuhmee leered to the 
pa/kags qf ewupwito flaas hetaem fioo opposite /mss qf a 
emdunelre cube «f the subsianee 



The idea oC a magnetic ommit in irhuh mapnotemottos 
firee and rdudanee ate related by a lair eoneq^miding to 
Ohm's lair has been found extremely useful in design 
of dynauuMp notony sod otiber deotronugiiBtio TnnAtiiTiaa 
Thus m a magne fae cacoit made up of soft irony cBsfc inni, 

ti»e petmoibilities, 

toe iewiuiy and Oi, ^ the (aoss-seotuma dt ihm 
nutenaiBy ^ Itaye m the eno ui t 


Total xetaotanee a JL. + Jl. + -Jl- 
«y*i a* «Wi 

If thexoagnetasingoailfor the ouooit has 8 totna 
oamea a oaneni I, tbai 

Uagnetomotm Voscs ss driSJy 
and the flow of indnotion nmnd tiie dhonit ia given ly 


iff- drflT 

-^ + -i- + -A-, 

ajh tVh 

orgenenlly 

ji 

si. 

btinp eat my bharly boir a Teiy nanow 
a» gap m a nugn^ cnemt may, toeanse of the oom< 
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J«1317V|’+ 

whm P IS the pull u^ounds a,nd8 the area m square inohea of tho 
surface of contact at thus P is determined ^ 

(3) HOPKINSON’S BAR AND YOKE — 
The bar to be tested oarnes a magnetising 
coil and is fixed into a heavy soft iron jon 
(Fig 463) A secondary oou S enairoles the 
middle of the rod and is connected to a bal- 
l istio j galvanometer, and the tl^ $ is ob 
servea when the magnetising onxrent u 
reversed If a,* usd Aii lio the length, 
oro88*seotional area, and permeabihly (d Ac 
rad and and ^ the correapondii^ values 

for the yoke, we nave 

Reluctance := -f- , 

tfiA^i fhfH 

Magnetomotive Force ss 

where 8 and i are the tarns sad current m 
amperes in the magnetising coil , thus 

4vvgi 

d[3I+IO 

' ®ift (h/H' 



JP = 


10 


Fig 462 
But F = Boi , henoe 



and, as B IB known from the throw of the haUistio, /ii is deter 
mined 


282 Work on the Sxpezvneatal Side ^Maobexpenmental 
work has been done on the determination of k and /c, ei^ooially for 
bodies other than ferramugnetioB 

(1) ROWLAND’S EXPERIMENTS —Rowland determmed the 
soBoepfrbility of omtals of bismuth and oalo qiar bjr finding the 
time of vibration ox smtable spemmeiis in a magnetio field 



ta rasKBABnim um osnsB qvAZimss 811 

jagnefannol 
Bie3ne(aia» 


ChlbeBt 

Oented 


UazTvdlB = 


Qilberte 


TSintoSi* 
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Exercises ZVIIL 


Section B 


(1) Desonbe (be baUistio method of determining the relation 

between the magnetuation and the magnetio force of mm in the 
formofanng (BE Hons) 

(2) Eaqilam in detail some method of measuring the enexgy lost 

th^gh magnetio hyeteresiSi and desonbe some of the jpnnoxpal 
resets experiment (BE Hons) 

SeotioB C 


(1) Define magnetio forosL and magnetio induotiQn, B Show 
that the energy per unit volnme o£ the magnetio field between two 

MET 

plane pdes 18 given 1^ ^ (BSo) 

olT 


(2) Fiore that the area of the S^B oyde denotes 4w times the 
energy dissipated per o a of metal dnnng each magnetio (^e 

(B So ) 


(3) A long solenoid of ten toms to ^e centimetre contains an 
inm rod 2 om diameteri ont in two Fmd the force neoessaiy to 
separate the two halves the rod when a onitent of 3 amperes la 
flowing in the solenoid , mven that on reversmg this pnmaiy 
Qirouit 60 mioro oonlomra now through a seoondaiy oiiouii of ten 
‘turns wound round the iron rodg and having a total reaistanoe of 
lOOohms 


(4) Define magnetio indnotion, B, and mametising foroop and 

give an aooount of an en^enment^ method dete rmining their 
relation for a ^eoimen of soft iron ^ So ) 

(5) Show in what features a magnetto oirooit is Buologons to mi 
el^o oircmt Li what reepeots^s the analogy lailt (B So ) 


(61 In what respects do the magnetio properties of iron and steel 
di^ t Define the terma mtensi^ of zna^etiBation (7), induotioa 
(Bl. and magnetio foroo (B) How do yon obtain the relafaon 
B = H + 4irIl I®®®) 


(71 Disouss the efieots of and (he methods of dealmg expen- 
montaUy with free magnetism in to meas^ment of magnofeio 
JLmeaWiliy. JHnd an amessim for the eEhot of “ 

orevBBse Upon to magnetuation of an anohornng (BSo Hons) 

(8) Show thatthe work MT ouImo centimetta performed m tak^ 
iSJSSm thronglla oydo of magnetination » 

area of the oyole upon the S' - / diagram pesonbo hw 
ietST^W »» determined to a^ 

matenaL 


» a 



OV FlSKUBILtrt Ain) OTOBB qOALIHM 


ThMsydunratiiftt 




Th« wurtaoo t?»8fQTOdhyiB8M«<rf 



taa and airtanofly»'rti«& to ft 
tanpetto ItaTfamtib ^ 
bflfeirwthfttwBpBt^^ aadSOT^— 

10Sy«185[l- 00116 (^-20n 

At 
m* 

a^w^^MfcwrfhwlBmflfCatoL^ lU 

if pfff iynMijmitfan at cjdiiiMty tMiipaMtawa i?tt faandto oe* 

duinanMtie aA hA tomiwitttow i t3u vto <tf y 

dfloeaM inth ^ tHamndaro^ ^ lAmfonmdtoM 

B^mi yfemiBMiimMrrtarOplniAthftdflcwMfta l^nomttni 




316 ALTESKATdfa CTTBSENTB ASS TBASSFOBUSSB 


The meaning of the terms used aboie and in snooeedmg seobons 
nuw be noted If at a parbcolar moment an aUematmg 
£ M f has a certam value and is just gomg to commence a certam 
set of TanationSi then the time irlach elapses betvreen this instant 
and the moment when the £ M P has the same valne and is gomg 
to commence an identical set of vaiiations is called the penod 
and the number of periods m one second is called the fireguenpy (n}i 
the maximum value of the £ M.F bemg oslled the amplitu^ 
In certain cases the maximum current oconrs q/ 2 ^ the maximnm 
£ M F and the cnxrentis then said to lag, whilrt m certam other 
cases it 0CCUZ8 Itfm and is then said to lead; the lag and lead are 
spoken of as the phase difference 


284. Carcnit with Besistance and ladnctance.-* 
Perhaps the simplest method of investigation is to suppose 
a simple harmomcallj varjing or alternating current exists 
m a circuit, and to find what must he the nature of the 
deciromotiTe force m the mrcuit in order to produce such 
a current Let the current m the mreuit he oraoted hj 

1 = 

Hence dlfdt is cos id, and the induced dectromotiTe 
force due to Bdf-inducbon, given hj Ldlfdi, is Lfyt cos id 
How applying Ohm’s Iaw to the dremt we get 

B=IB + L§. 


.*. S = Ifi sm uf + ■Z'J’o'o COB td, 
i e JE = It[B em td •{■ La Qoa tdl 

ThiB maj be tmttea 

JSr = r, •/IP + Ifvf Bin {fd + 4>)f 


B 


if . 

tbat 18 , if 


s= COB ^ and 


La 




= Bm 4 >i 


La 2iisnL 


( 1 ) 


Heie the masiniim value of B jb If and if 

this be denoted bj we have 

® = JE?, Bin (erf + 


CHAPTIR XX. 


AUSEMAnsa OUSRENTS AED TBANS- 
FOBMEBS 

288. (hteoit «iih BesiatBaioe Imt ao Indaotaiwe 
or Gnacityd--In the ease the lOtoAiBseailoC Art 841 
the fwomag idaiboiuifa^ have heea establi^ed — 


MoMdEMF 

IiatontMieims Vsive (JE) 

Maxunmn yalue (jBU 

Ms^SAEvnaa 

CB A4Aitm«< 
j?srSntfid^8m«< 

iSta y ■ Sm -jpr 

^ s BAS^ 

jE^aStoddJEr 


le SstEftmui 

The ooxieat I at any nutaat is gnea 
Iss^nutrfa I, 

yp\kcn Adfinotes ihe stasuonni tsIqb of ihe ounonth tis 
SJR Thitt 1x>iihihoonRenta&dft Biolianiuiiuc 
mth fhe 88mB penod mid pliasob Imt of diffiBient 
hides. 







SIP AJTriSNATIJfO crPpr'iT* ^VT> TPA^S^On'*^^1 

In 1 pm« m tlAinini; imlurinmn ri«! rcM'tnnee, jf f toUcnra the 
ftniji't* h\*'iro*iic ii*r, / n flu c.*— • 

/i? * /ri / E= flU L* 

Sfrr AMum9 ai a innl t ilulio » tl nt 

/ ^f*n {c' — 1 ^), 

« h^^o X nnr! ^ arc* to Iw* dr i# mnnnl Salrtiti'tin^;— - 

yn r n m (f « s: rin {G) 

Xlt {mn u* co^ <> - ci>«t b* Ain 

•i yf 4 v (rtvj 4' cir* -f «m i.* Hn = Zj mu 4% 
i r {/it cot ^ mu 4*4 // 1, hr 5;^ • nn 

* {Zit rjn eon 4' - V cos ^ cos b*) » Zj ein at 
licncc, equating rocfnuentn— 

JCIl cc-n ^ -f ^Zej f HI ^ S! / j (7j 

— J?/? f n ^ J ELt. ccn <s s= 0 J8} 

Niunnng nnd Adding— 
j?*ir d- 8 zTj*, I c /= (/;» + /;*«•) = 



/ 77 n 





ond 

7 8 rin (trf - 4] 

VVi- T J/’U 

( 9 ) 

Trom (S) 

I A - fju 5rnL 

Un^-_^- = __ 

(lOJ 

hurtlier 

7,- A. 

(11) 

•JIJ +/,*»* 


285 GxupHe Beprcsentatiotu— 1 he nlation beUcen the 
mjrrtiHd (X^i the (777), and tho«^/7 tndtK€d {LdI/dt)Qiiecim^ 

motne forces expressed liy the equation 


r=/J!+if 


cin be represented grapKiailh l^ch of the quantities vanes hnr- 
monieallv and may therefoTe be rcprcnciiU?d bj the projection of the 
radius of a circle re^ohing nith ft penod equal to Oiat of the elec- 
tramotuc force flltcniations. Tlio self induced elcctromotixe force 


- 7/ ^ lags A quarter of a period behind the cfieotiv 0 electromotive 
fAM in. for ’when one u at ila maximum the other u at xero %alua. 
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IfT jB nff ft whan tihfi cnxreat vanes haxmomcallj m a aromt 
tin eleetnnnotiTB fotoe m the omnat also vanes lumunu^ 
obDj, viiih. the ■«»"« frequB ncy, and tlw maxininin value oE 
fhe eleoteomotive fixoe » + XW* tunes the mainriuin 

value oE the eaxsent The phase o£ the eteoihRfiiiotive 
toice u, howevait m advance ra fbat of the enReai« or (he 
jihan ^ emfuHt Um lAtnd fhat <f &» deetnmohve 
feree Iv ^ffhe qf a eompike period, ike angle iif lag^ heing 
taeh iaat ton ^szJm/B, vrhete IS is the lesutanee, £ 
the B^inductanee of the oiiemt, and <*/Sbr the frequency 
fn) of the altenuAians of the cnn^ andthe eleotcomotsve 
focoe in the oircuit Benoa, if the cHeotcomotive ferae m 
the draoit be given ly 

JSssJEIp, amuf . (8) 

than for the eonent we have, fram the ahove^ 

r = r,8m(«t— ^i) . (8) 

^ ("*“« W 


nnce the mazunum oocrenl^ u given hy 


r— -“o 

vjp+iv 



(B) 


TbB quantity ViP + X^i? la called the impedaause of 
the omnnt (it may hedafined aa the eflEeatne xeautaaioe eiL- 
coontered aii alfmnatnig onr- 
xeut) and the quantity jju le 
caDedthe Teenbuoeof the ons 
cult These quauhtma and their 
zelabona axe Imt temembered by 
the tnangle diovn m Pig 464 ; 
the hypotennae u the mpeflanoer 
fhebcM the ze8i8tanoe.1^ Ter- Fig 464 

tical the reactance, and Qbe angle 
batmen the base and &e hypotenuae ia such that tan 6 s= 
ivnLIBg t a H 18 the angle <n1ag ^ 

The student may prefer theKdlounm treatanenb of the 
preoedmg — 
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valuo of tlio Lumnit for a Inlf-^nod is nnl usod for this 
purpose', but a %»1uo Iviioim tis lnr> tool of (he mean 
equate cumMit 11 uerd 

IH (Ito curve AOJi (I'lp 467) repre-oui the current for 
A baU'P^nocI Sinco the abscis^ao of (ho curvo represent 
tiino ntul (be onlinaixs ctirrtvnf, (ho nroa botneen tho curro 
^OJIandthclmo AJ! evidentiv n'prosontsthojuanhVyot 
olcclncitj earned during tho ha'lf*pcriod For m an} tgij 



short timo repro'^entod bj ah tho quant itj that passes is 
given bjr ae v< ah, tho area of tho shaded stnp standing on 
ah, and this is triio for orci} short intcrral into vrluch tho 
ha1f*pi‘nod representod b} AF can be divided llcnco tho 
area AOJI A represonts tho total quantitr of olcctncitj 
earned I» the current dunng (ho lialf>]^od, and tho 
nvcmgQ current can bo obtained bj dividing this quantity 
by the timo of (ho bnt^pcrxod 

Case 1 To shoio lint the areravc ctirmU iv 2/r, 1 e •OVof the 
fflaximum eiirm< —Let t tw the luilf-pcnod, /« the overage caneet, 
nnd / tho iiivtantannnn enrrent , then 

/, s « is f sin wl dt 

i 0 . 

= ^ I* sin «' d (vst) ^ ~ 

= t[-eosr + c«0]«§ 

0 2.70, sinoecj ss ^ 

IT ^ 
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If mTiz 465 , fherefote. OE rq^rewsnta Oie mnmmim vilTO 

eOcetne deetromoliw fwco ^ 0* ys 

dnced deotremotno lowe, then OP toira n^Ul to AJs 

rwiwwit the impressed eteotromotjve loTO i^,BntoOPIIAM 

ria*nntlognai?the pmeetion ol OE on 

0 11 eqnel to tho mm ot the ptojeetions ol OP ana OA • Hence, il 



thofpci Orr.VI’erappn'nttaTcvoIVD rourd O in tho direction 
tJf tb*' ftmwp ^ tbelino OX 

(Fip Sivc n& ftto inftant tM imtnntAacon^ valaes of X, 

- wl iSt and g«^etrie%tlf tho pt03«etiQ-i Ot alvajt 
if* 

r|i Qp 4 On f iO coo^tnclion cxprc««i»o tro relntioo 
U-i^a IB. 
ic E-/J*n^Ag 

Tl ^ ••‘pli* POS r.i S^Uj iHc ^ of ih« ohove 

f-t*' h h* 1 1'-li t**« t* ^ *35 •'‘e cjmrt ft2u«rit«Aai b»hmd 

*1* thi* «v r lo^ Jfoso ifcnt m the the 


S 8 C, The ''Gqncuto Kent of tiie XteBB StBare’’Cttr. 
rest 1’ « *rth of aa al‘i*iis current Tan<« 
fr *" iL'in* s e.> •"««aa‘ it is pw.» rr to cjceitv hoer 
: ,’J’j of *■ : Ii a r-rnrat i»iitf« 5 , t> o ni«afi’or afciaga 
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Prom tlio ii1k>\o it foHowii fJnl a Tirtnal ampere h 
on^ which Will [>ro*1iiro tho mino hetl in n roaiFtnnco ns a 
frtrf* h 1> current of ono nmptw will prwlwco m the samo 
mill n virtnnl volt w oii^* wlmh wIiph nppliod to the 
oiulu of ft n*,isl men rc-uHi tn tli» sinm li&itim* effett as a 
Rtcad} pf»‘'i*iHro <if ono \oll niiphi^il for the himu time 
In tiniGlicil work tlio only over dealt with nro 
\ir(ital Mtlties ir inslrumout rcvlings, except m rerj 
hpecrtl cisea Clearh, lioi^ercr, the formulae of Art 281 
can bo iKOfl with virtual \itliic<i, tiM h ilhislnileA by the 
follow inpcxamplo — 


XSramplo An alifmnhnff premre oj 100 ro^M (rir/ttaf undtr^^ 
rfoiKi) in appoint io a ciiriii' r/M>'(incf 0 5 c\n <inrf tfif induction 
0*01 Aoiryr, /if 7M^«cy y fiO cffcl^n /w f^cond (W H hat 
mil he the rrm/iny o/ atiamm^^tr in the circuit and what mtl he the 
hn in time bettcfm jore^fure and currert f 


Weha\o 


Again, 


I - 


100 


(0-01)* 

. J s ai'2iunperos (ncirl^) 

Amxaotor readufif » 31*2 (unporos 

4.^ ^ _ 2ff X 50 X 0 01 
ten^ 

«C15S 


^ s= 81 * (nearly) 

And lair in tine » «(pff ^ io Bocoad k second 


Tn thiff oxAmple 31 2 amperes will be tbo MrltmlorammotGr read- 
ingv bccan'io Llio ptc^wire is guen tn nrtual \oUs XIio current 
Will ilnotnaio between 31 2 y amponn, first one wa} and then 
the other, and it will rcioh this maximum laino eecond 
after tho pressure each lime rcaohes its maximum salae of 
100 X j2%o1U 
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Tha sguora roolqf Aa fliaem sgtiofiBffaliia^fte value yrlSoh 
la alirajB used to meanue the oocrsiit^ may be found as 
folloffB Let a Gom AOB (Fig 4^) be mwn for fiie 
baU-penodi m&abscnssaerepreraiiaiig time but vitib oxdi- 



QSben me area oC tbe e&ip 
abed xeproseaie tibe value 
of Pd^ 'wbere dtf 18 tiie vQiy 
Aort tune represented liy 
ob and P is the sqpiateoC 
theouEzent stranm zwe- 
sented I 7 oe or od The 
area of Ibe ourve AOBA 
therefore xepresenis 2 P A 
foriiiebal&penodt and tto Sig 468 

value of 2 P dtdindedl^ 

thetnneofthehalf-perioaipTeBlbeffi sstuira value for 
the eurrsutp end tibe square root of thiB gnes the square 
root of the meiKp square value 
Xte xeaBon for taloiig thu value vriB readily be under- 
stood ^beatd07dopedbyacuzientlinatime&ina 
resistanoe^isPS AorJB Pdf, braoe the beat devdoped 
lu a re w sta m ce JB by an altecnatizig eunent ^nwwfr Ti 5 ^ 
penod I S JZ Pft and if Xbe the square root dEwe Tnaan 
scraan eunent for the half-psnod i then JH s= ?P . a 
TOetot developed m tiie lesuiance JB by tiie aUeznafang 
vr^ square root of mean aquaze value laFS 
tharefor a tbe same as tbe beat devdopu by a steady oon* 
&u^ dsnent of strangtb J in the aame tame *rimt in. 
M ^muatng current ts meonired bv Oe Birmiaft ig iha 

SstesriiSrf 5r“ ^ «w«3SLSerf 

^afl^nan toot ^ the neaii eqnaxe Talne u eaU^tihe 
OM»a ^Ai"aata»v,ttua«»raitiil/JXi,e. 'laiaffht 
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absoisBaei as m Eig 469, wa notice that the work done bj 
the current as represented bj t^ area of the cnrTB is 
partlj positiTe and partly negative, that is, during certain 
short penods ocoamng penodioaQy the current generator 
gives out power, and at other penods it absorbs power 
The shaded areas in the %are repiesent the power gnen 
out^ the dotted areas the powei iaW in, and the difference 
of the two sets of areas aunng a complete period repre- 
sents the total work done dunng the penod IT^ote that 
in the Figure the letter C is used for current 


288 Choking Coils —It u evident that lor a ooil with an mm 
oore the ouantity L/t must generally be large, for /t inay be leiy 
great Stooe, if an altematiDg ourrent be sent through a loir 
resiatanoe ooil with a soft iron oore, the retardation of the onmnt 
r^tive to the deotromotive fbroe in the ooil mil be pnotioally a 

q^narter period, lor oos ^ if J? be small and L 


larg^ 008 0 Bs B/LtOt and B/La being vary small ^ is nearly 9V2and 
oos ^ therefore nearly sero This shows mat JEl oos the power 
absorbed hj the ooil, » very small, although on oooount of its large 
impedance^ L^ia% it admits of the paasa^ of only a small 

onrrant through it Snob a ooil is usually oalled a dtoking coU on 
oooount of its eSeob on the ourrent^ and choking cods are largely 
used in alternating onrrent (urouits for the purpose of adjusting the 
oorrent to ai^ required value without waste of energy soon as 
takes ^oe when a regnlating resistanoe is placed in the oirouit of 
a continuous or alternating onrrent 


889. Cfronit with Resistance, Inductance, and 
Capacity.— When a harmonically varyiag deofcromobTe 
force Jf, sm «t IB applied to a circuit contaimng a resist- 
ance B mth mdnotance L, and a capacity 0 m senes, ttb 
have 

JB + iM +y-K Bia (1) 

at 

where T is the ourrent and 7 the potential diffierence on 
the If Q be the chaige on the condenser at any 

instant 7 = Q/0» and we get 

Now, asm Art 284,lot Js^sm 
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SB7. Power.— Xhe nte oE domg irork or of 

a oaixest is, m the cau of a eteadj oozxeBtk given bjr JiSi 
vrhete JrialiheEMF. and n^aartenb Inanalteniat- 
ing o n ire n t both S and I yaxj hannonioallj and they 
dmar in phaae From the rdatunu given aibove ire bare 
Jf ss am «rf, 

J = am (oif — 

Hence the aotivily at am instant u given bj 
J?Is=J^Bin«f Bin(«rf— 0} [ooB 008 (2uf— ^)]. 

During a balf-penod the angle 2af and therefore < 
(8ai — ^ chanm by 2xr, and Ine mean value of its 
eoame for the balf-penod la, tfaerefore, aero, benee ^ 
pomr or activity of the alternating ennent in wlnib the 
alternations foltair the simple hannonio law may be given as 
4Fy,ooB^ 

to a tnne equal to any mtegral number of balf-penode 


wemay wnte 


Power sJSr 008 ^ 


Also, amce coa A a: 


Power = SI 


S^S 


vjp + iv F + iV 



If ire^ot a power onrre for a given alternating ennent 

Vy plotbng t& lalnes ai SI as ordmatesfotanes as 

« AHBE. ^ “ 
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capnicity If 2^> 1/Cw the current Zujir, i£ iw< I/(7« the 
current leads 

The condition for Uio nculrahsfttion of tho mduetonoe cfTcot 
the CApiiGity ofTcct may bo obtained tnlhont working out tho 
gcneml solution nboio From (1) capacity and induetanco aou- 

e - r Non r will bo n harmonically lai^ing 

quantity with tlio samo penod as tho olcclromotivo forcQ, and 
moj bo written V « sm {tet - Further, I =e dQfdt 
» d{OV)ldt s 0, dVjdt • henoo I » Cbro oo^ (af - and dl/di 
Si - Thiw tho reqmrcd condition L^dildi 

as - rbcooincs 

LC»^\ am (uj ss To sm (uf - 


i«e. 


LC r=J^, 


Zmsi or 2 tiiZ> s= — 

CV 2mtf 

08 ehown above. 

Furlhcri oinco » % 2r/7*, where T » tho penod of tho applied 
clcotronioti\o force, wo lia\o 

L0=^ le T=3z^LG 

Q!hla, as shown in Chapter XXII ^ is tho penod for olcotncal 
oscillaUons m the oiroml , hcnco when the jiinod of the aj^ttd 
eledromoltPC fortt is tht same as that qT the exrenxtfar uttine osa/fo- 
(loiut <^eef of capacity nctitrofiwA the effect cf indwlance 

If tho circuit possesses capacity and resistance hit no 
tndvcfance, it may ha shown that the law bocomes 

r 

*9 — 


/ 


IP +- 




..( 6 ) 


■■Uv V " • 4 n^^G* 

Tho effect o£ eapacify alone is to make the current lead 
in front of tho pressure, and 

tan angle of lead = (7) 


ClcarlVfl if in a mrouii containing capacity, resistance and induot* 
anoo 2jrn& « IftmO, then 2mLTR « IfitinOS, t e the leg dneto 
mdaotanoc » equal to tho lead duo to capamly and the twq 
pentrahso as already proicd 
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t0 ^=^Bm («*-«, 

•• < 3 = “4 «“(«*-« 

SalMtitidaiig m 13ie eqQBban above, 

ZJB am (uf — ^) + 608 (arf — ^) — 4- cos (uf — 0 ) 

s JS^Bin 

ZB am (irf— ("*--41) sa am trf 

Tbu u ideatusid tntih eqeaibon (G) o£ Art 284^ except 
that m place of Jm trebaTD ^Lu — U~3’ ^ ^ tlwt. saotion. 
ffae aobifaoaia 


Z=: 


JS 


am (irf - ^) (8) 


£» 


tan ^ = 




2mL' 


2 m0 


Xi= 


•• •. ( 4 ) 

(S) 


i^=3t 




the enxmt and tin applied eleotramofaTe f(aee axe 
“ aame phaae, and the cmaent haa Oe aame veltie aa 
m a emmt of leaurtuiee J8 free from irSance aS 
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Agam» from ( 6) Art, 284 ^ s +|L«/o)* and from 
Fig 46'J, OP « v0®nr?^ Hero OP repwente JS^, OD repro 
sonts /«i7^ and PI! ropnsento i e ZtnLI^ But PE nb2$ 
Totto 


8o]f*iadTietaMe& of oliobs^ ooU 

m r * M ® no Imiiiin 


(3} A certam ckehng cmlof tughgtlAc reinttanee (ala a eumnf (f 
8 amptra \f tupphtd at 100 toffs af 00 jEwnodn^ ptr ami A 
errfatn im->mwttn rtwfance, witr the rome romfifiomi, eamu 10 
aiRjpmi Iftht fteo art irawfemd to a tupptff xnrhng at 
160 roffs Af 40 jKnodf /KT ^wondi vhat totm ourrenf mil they taU 
(a) \f)med in lenUf (6) \fjmncd in pardldl 
Tbft Talno of for tho non>mdtiotirB resisteoce and tho mine of 
h for tho indnuttTo renataneo mmt 6nt bo found. For if wo have 
P » 100/10 St 10 ohms, and for E we have 

D 0. 100 ^100 

’jRi + Ubmlf "<?0+(2n>ji;)‘"*«i£ 


100 


Can [a] • 




2rX60x8 
Tkt ftro in 
E 


160 


Js/B* + S ^ X 40 X i ) 


« lOBamperes 

Chie (6) too tnparaUti 

If ii be tho osrront for the »on*indsctsTo reautoncO] 

i|n ^ «^«16 ampere* 

Xf ii be the ehokmg ood mmi, 

E ^ m 

%m m <»*T5SS5B5SS8BaBBa ^ 

»/0+{2mi)» fexttxJ 

8r 

Bnt the ourrent ij ha* a pbaae ndatumship of 9{f with iji and the 
resultant onmnt » s^\en — 

/,=^/«7+l?=./iy+lF 

«s 21 2 amperei. 

IThe total onrrenta in the two eases are therefore 10 6 mad 21 2 
amperes respeotmly 

(4) Warn (ht M qf applying to the (amtnalt eT a 
(&< rwslaaa if meh u montf ntgfitm an alUmtmg 
IFTtof E U»P» tt fegwred to onm 10 wftwf awptra throvgh a 
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aaon- X^pioalAC.nwblema. — Tbe following worksd 
examptes will assist the stodent to gnsp the detsils of the 
pteceding seobonB.— 

(1) A eoU qfwm rauftmee tad wduelasm ■^Aennf, 

and a mrt m ten indneftnee ami rsmlanei 18 o&nu ora in sene* 
waevnmmteABM F UVnvoUeeoat^fngueaqiili^ldta f«r 
teceni, AMrsiuM (a) Os e&rrmt, (i) the lag, {e) the P D aeran tke 
indiKttMnnKanes, ld)thePD aereMthenm-rndwctaermtanee. 


(a) Fur tfaa numiit we bna . 

■:7F+^^ 


130 


I lOftm^eMB 


VlP+WxWxW 

(^) The onnent laga behind tfaa impiaMed B hi T by an aagla ^ 
nufa that ** 

9nt2>_flrx40 x 02. 

“-T? S “ 

1 « 1 


tan 


^ n 22” and bg aa tlma I 


iO 68 % 


(b) P D CB|) on the non-mduotm rerfetanow la obtamad in the 
nanu myt yul — 

1 1 e 10 s 


§• 


jBri SB 120 TCdtas 


(d) P D far tiie mdootm lanatanoa u obtainad ftam 

%€e IQggS^, A » SOvdlta. 




Kobe that the relatioQ b e twe en the 
by the tnan^ OPJBoi Vig ^0^ OP 
K 12(^ and PB xepiaen^ 
fa diraef onztent va voold 


Braara- 
Li tfaa 


lYi^ of oonxee, JBs + -4 » 

O) An AO are lamp nudmg B0voU$t9piUaaraaafttahiMtUaP.Jk 
^80 UiU»g aada ehoinnff eeU i« tn gents mk the laamp Ths Ump 
taleelOiiHifMf«taiidlbe,/hmen^u fiOj^ JW ( 1 ) lb 

prenninemefaieed ty lb ehoE^ m tb «a{/-tacfaMftiiiee 

q^lbe ebabiv eoil 

Theealutaonui^Yen by Ifae tnangle of Pig 485 Here OP la 
theimnra^Qirapia^ (SQ, OPu Qia effeotm pramte 


gQwL OJST or PBm the pg aam e p^iioed by the «tinipipg qqq, 

PB>«oi»-.op-, te pp»^/sp^rw 
/ Prenrexepvodiioedby dhokuigeoU 
- 80 * » 62*5 <v«ata 
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iTira of Ihirkiioss suffiriHit in earn thn !o\r tension current 
rriult inf; fwm tlio tntimformation,*ftnfl ih conn^olod dircctlr 
uiHi the fii btm to T^liicli tins cumni is 1o bo ftupphed 
Tbo iron coro is intinlU a coro ot soft iron ^ire or a 
n^Atcin of tlim phbs o? jioft iron, arranged to giro an 
endless ninj^nctic cirrmt and to avoid loss of cnerp} bj 
Foucault odd) currents 

Tlio principle ot action ot Ibo tnnsformer mil liooridcnt 
from Its confllruelion Hio alternating current in the 
primary coil mignotisrH tbo iron core and sets up an 
altenialmg flow ot mdnclion in ibo magnetic circuit 
Tina ranitiou of tbo induction (broiigh tbo sccondaiy 
coil giies nil induced alternating current in tbo sccondaiy 
coil The period of tbis induct current is tbo same ns 
(bat of tbo current m tbo priinan coil, but tbo two currents 
aro not, in general, in tbo samo phaso 
Tlio construction of a step up transformer is similar to 
tbo above, saio tliat tbc pnmnrj lias fon turns of Trite and 
thosccondar} man} turns (eg induction coil} 

IPrans/bnacr TAcory— (1) Tbo ratio of transformation 
depends mnml} upon tbo ratio of tbo number of turns in 
tbo two coils, and pncticallv wo bavo 

Prcssiiro m secondary — N umber of turns m sccondaiy 
Prossuro in primary Number of turns in pnmatT ' 


but, sinco onoi^} cannot bo gamed by the transformation, 
wo liavo also 

wboro Eg and are tbo prossuro and current in the 
secondary, and E^ and J| tbo corresponding values for tbo 
primaiy This is only tmo if we neglect losses due to 
uoaiing and magnetic metions 



Fig 470 
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drcuU etnUmtag a mdenaer pf ruiatam 1200 megehma and 
capmtg^mter^aradMtfktJfregincgl^^ {0 A(?) 

Koto that the oondeiiMr renatanoe in prohleiiia of flue tmn 
shoold not he xoguded ae an ordmaxy reamtonoe tn aenm mfli toe 

If Khe the impreaaed B M T., toe enxxent of 10 emperaa u toe 
nanltBat of tiro onwen tt i tb, a omreDt a equal to 

inatopwitoB^ aadaonnenty, or 2mO[B^ toe 

twoditotmgmphaaehyOOPj henoe — - 

10 s= <>/x* + y 2 

-UsVio-W*™®)' 

{(35^15)+ (»'>"»» ro)’} 

The flxab term withrn the fanbkebmay eindently be nfin^eotod in 
thia problemt and m get ^ 

100 

(srxMx®)* 

«c JBIb !i-_ aSCMfoilta. 

9rx80x^ 

Tha aamm to flw fltib part ol tho omalMm «dl bs aaiUiBnd 
zrompreoediogpagea 

900m Xraaflfhmata^ — Traaafbniim 
dflotn cal pnoboe (1) fioor omrerta^ an A 0 oC lugh flloq- 
tomotmfoiceaiia Wonzreate^^ rnirmii f of 

lo wer deo itroMotiYe force and liigliercqiTBatTalTO (8) for 
oonver fang an ACh of low cQeotroxnotive lotoa and hull 
omranh Btzoiiq^.]a.to a ourrent of ludier clBotcoiiaoitova 
nnee amd loirar cnrmt Taloe The imner ia called a 

" sto dflwa” aaad tlto lattu a " Btcp Tip " 

A ato^ down toanefoniiBr ocmsiste esaeniaallT of two 
cwh fltTTO^primaay eodaa^ a aeocmdezy ooilr-coiled 
rQTOdanendleaaeomdac^hwnOE^ 470) Thepriznaxr 
c<m oamea the ouxxeut to be txaxwflonneA ®®d oonauta of 
a lam number of tarna of hii^y manlated wire of tiie 
tm^eaBneoeasBXTtooaxirtheonxzeB^ xb 

The aeoandaiy oou oomdeto of fewer tame of inanlated 
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coil we get ^ =: Jlf, and we therefore have 

J> / « ^s 


hfif =s M} and 






In the omb of a transfomer these robtione hold only approzt- 
mately, for there is always some magaebo leakage between tiie two 
ooib^ and the variation of the permeability of the iron core with 
the mteoBity of magnetiaation oomplioetes the imniltw If, howeTer, 
we negleob w variation of permeability i^may be assumed 

18 roughly 


{IP - LiLJi IB a smidl qnantityi and that^ = 


correct 


(3) n the currents inthepnmfiry and seoondaiy coils at 
any instant be denoted by z and y reroectiTely, and. d we 
represent the harmonic dectromobve force applied to the 
primary oiroait fay E sin ci>f« the resistances of tlze pnmaiy 
and secondary coUs by JB| and and the coefficients m 
induction JD^and Mt as abovOf we have tiie following 
relations for the two coils — 


I, * + 3 f ^ + B,a = sin < 


flh* 

Taking the first of these rebtaons ksi the primary ooil, Lx ^ ^vea 

the hook ebotromotiva force due to sdf-uiduotumj ilf^the book 

electromotive foroe doe to mutual mdoctioUf and HxZ the potential 
dtfierenoe which detennines the ourrent x in ^e ocnl The sum of 
these qnantitieB must evidentlv be emml to the impressed electro 
motive force B Bin xC Simibr 1 y» for me second rebtion tiie som of 

the oorrespondmg terms IB equal to seroi since there u no impressed 

eleotromotive force acting on the Becondary coil 


Yrom these equations the values of « and g are found 
to be 


B 

ViP+ 


sm (at + «), 


ilfol 


^ 

+ (Luy 


BUI (lirf + P), 


wbete 
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like aboTB^ a simple rdaboa xnaybeastablidied 
befcwesiii the pnnuOT and seoondaij terminal pressuxes 
7 i and 7 , ^ ^ EMF tfgmSmg 

in the pximBxyp that vx tiie aeoondaEjp and and ii)| 
the xnuaber of tarns on eaoih Let iI|/r, = JE, tihen 
SJS^^nifn^ as K, and, amoe SJ[i = S^, vre have 




From tihe fignxe ve see that 


and 


F.= 7 ,+IA. 
JB, 


sJT: 


L - a 


jff7. + JcrA = n-^. 

ud •• 7. = ^--I,(|^+B.). 


Q%ui ezpBBSioii giTBB tiiB saooDdaCT tenmnal preBBorein 
twinm of me pnnuu7 pcesanra and outer oomBtaate 
Obnoody, amoe and K ate constants, tiie Taine 

of 7, IS not a defimta motum. of 7„ hicf ts Usuaud Uu 
meat J, ts inareated — that iSj tlie more ourtant is fa-hwn 
fitom the saeondaty. Hiaaoe, if «a deaxte the 8eoondni7 
nressnxe to zemaxn. constant, ire must arrange mattera so 
that the prunatr pressure rises somenliat as the seeondaiy 
load IB inereasM 

(2) When two ooils are wonnd together m sneh a irej 
that the flux indootion throogh one all passes throngn 
the other there is a simple relation between eo^oieata 
of sdf-uidnetioii and Aa eoeffident mniual indnotion 
of the cods For, if Ji^X^ and ^denote these coeffioienta, 
and n, and tiie munW of tuns m the ooQs, ire haie^ 
for a onrrant I in the coil to irhudi and n, xefor, tiie 
flow of indnotion through one tom measnied oj J&rAip 

and the flow of indnefaon tbioneli the other coil is 'ScSi 
That IS, sa 2if Snuhaij, bogimuiig with the other 
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neglimbly sniall compared witii Zju, a — jSsOorn* If 
we also assume that tlie transformer zs so well designed 
that 18 neghgiblj small, then we maj talEe 

iP:^ as approximatelj true, and this gives us 

£.—•^ = 0 or £ = 0 , B = Bj + and a = 0 , 

£jj 

Hence, vhea £he Becondary coil u closed ibe apparent 
self-inductaace of the prunaiy coil u practically zero, the 

appaxent lesistaace B is equal to H, + ^B^ irliere B^, 

£i and £, are as defined above, and the current m the 
pnmorj coil is m tiie some phase as the impressed electro- 
motive force 

Un^r the above conditions, the current m the prunaiy 

coil IS ? ^ and the power spentm the coil is 

This mdicaies that the power absorbed inoreaBes as B 

decreases, that is, as decreases, for JB 

and £i and £, are fixed This is true, howeyer, onty 
2£JIP=£,£,, when JIP — il^is a small but appreciable 
quantity flie power absorbea can be shown to moreaseas 
\ decreases to a critical value which depends upon the 
frequency of the pnmar^ current JBelow this critical 
value of the power absorbed decreases 

( 6 ) If wo apply tho above appconmations to the vahioa of x and 
p previonsty given we get 


^Bin ut 


where 


and 


Sz^Si + ^St 
M E wa tat ^ 

*'=:^ “s — u* 


We have Been that and therefore Hence 


we have S- =■ 2i-, that is— 

» fi] 

Seoondary anirent _ Hnmher of tnmain pnniaty_. 
'P n "<»»7 «"rralrt' Number dt tMtns in secondwy 

Ihe electromotive fortie m the seaondaiy coil is 
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■ , (g«y3^ 

These lesnlts are verified hj emiple difisDrenfaa- 

tiftM and aabstitatioiu. ^Diej ehow wt toe eimenta in 
the tiro code are peno^ eaneate o£ the seme period as 
the impressed eleBbroinofive foroe in the pintaiy cml, but 
difiSenmemphsae Also, from the form ol the tbIub to a, 
it IB evident that the eniient m tihepnmaiy cml may be 
taken as &e ounent m a coil of sell-indnrtion L and le- 
ristanoe H That is, the apparent eflEeot cf the secondary 
ood IB to dsoreose the sdc-indiietanoe of the pnmaiy cod 
from Zr, to (Zi — olj^ end to tnorsose the xeButsnee from 
to (k + oBJ, ivlieie 

_ (Jf**)* 

(4) When the Beooaduy cod at a tranBtomier ib open 
JB| IB infinite, and a theretoe is sero, and L and JS xeo^ 
to their real valneB jC| and jB| 

When the Beeondaiy oml ib (dosed JS^ is usually small, 
and may be ne^iplify small compared with if c* xb 

large IE this is bo, tibe value of a ledueee to 

theretoe * 

JP 


LssL^ 


and 


jB = JB, + 


fX 




n 

Alao,rince tan (a—iS) =s we have, when B. la 

JU^w 



S33a ALTSENATINO CUBKBNTS ANB TBANBFOBMSBS 


tiiero are four tenninala to tbe machine In tbree-phase alter 
xiaiors there are three sets of oondnotom arranged eo that, while 
aefc (1) XB producing the maximum RM "F , set (2) is produoiDg 
E M F 120^ behind set (1^ and eet (3) is nroduouig E M F 

lagging jSiehind set (2), and therefoxe 24flr behmd set (1) 
Insteaa of sue terminals, the starting point of all three windings is 
usually a common junotioni this » earthed to the shaft of the 
generator, and the other three ends after formizig the windings aie 
oonneoted to three termmale on the masSime 
(2) Since the power supplied (direct ouireatj to a oirouituJSf 
watts, and the power wasted in a mom of resistance JR ohms is PJl 
watts, it 18 advisable to keep the current as small as possible (thus 
xeduoing the PJS loss) while transmitting the same power, and the 
bestmethodofdomg^iiBXB to mweiSAe pressure example, no 

can transmit 1(X) amperes at 100 volts or 1 ampere at 10,000 volts, 
and in each ease the power is the same , but in the second case, 
since the current is of its first value, the loss m the oonductor, 
if the sue of the latter remains unaltered, is xnivv former 
value Henoe^ if long distances have to be oovecod the rule » to 
transmit at a high pressure, and, sinoe smaller currents flow, to 
have a thnmer oonductor, which results in economy of copper 
In such cases it is usual to generate alternating ouirent at an 
ordinary pressure, xuse to a high pressure, say 6,000 volto, w 
step-up timformers, transmit at than pressure to the and 

tixen transfonn down agun by step down tmoaformeiu (If D 0 is 
required, we pass the A 0 into a speoial maohino called a tototy 
converter and pxodnoe P C fay its means) In modem stabons for 
traction purposes it is frequently atxatijmd that the altomatoxs 


its attendant losses; 

Bbr such very high pressure transmission altematiag current is 
always selgote^ for owing to insulation diffloulbw at we commu- 
tator it IS impossible to make a sabpfaotoiy DO dynamo to 
generate at a very big pressure . < js 

(3) Alternating and rapidly altering ourronts tend to confine 
themselves to the surface of the conductor and this m mm ^^rked 
the higher the frequenoy Hence, conductors for such shpiua imve 
a larj^urfeoo o^pared mth fte onxa acotion, a 
being a gpod pattern to adopt This le town aa tho skin eltot, 
Mdon of It the effeefavo reawtaaco of a oondactw Is 

In the case of a atmigU oiranlw wire cariying aiior- 
nitfang ourtenli of very high freg m^yit can bo ahown Hitt — 

^ P 

where B » effective rosiatanee, B, = resiatanoe 
f SB epeoifie resistance m atoloto units, r « radius in om 
ss frequency 



jjsn TBASsroiu®** 


UJCSBStXVSO OIWSBlrtB 

- M Xa aft 

Sa « ^ 3^“^ 

Botabtate® far 3lfl»«gi« 

- JBnimi; 

i;»(Bj+g«i) 

Mid raamag Bi fa Bnan ««bp®«3 ” 8* 

J^Emvi 

M thft deetnmotm fc«» m fite wooadwy oaomt 

JOi/lf s ihfni ^ 

SeeantorBM? lu Niarfwr at tiw in ieeandagL 

ThnJ^rffHT" ST HwBlierol ttttw w ppimaxy 

Thft^om »b«oAedmtiieFCiiiiflX7i«f 

OSiQ 9 imt pm ort m fhft secondurf u tftidentily by 

BttieB thft effimeofly d Ibft twoEociofir » 


pm by 


AP AL 
2? 


Xf J2|bot8UaasgaMQcompuedi^ thu xcsoit rednoeB 

l!hu IS tmity iribenlPs siid u&eat^ unity m 
a mfoBopicd tniufoa^^ 


280^ ISuMiiSlMMons —<1) !□» mnsi^ of the altscaatiiig 
ott^ t dpumo^ ur Bltanate bas wen dealt vitii n Gbapter 
XvIL wiKSfiboeiihftfiddiiiamtameiQnBct^^ 
mamiatm tolatei^ tddle b omr types tile ennatiire ^ 
and na loapifttB icotsts I benee to avoid ocnfaideu tlw 

pnueauedtlisnitocaiidtbfiatalfoBaxy porttha atator The 
m pobs «C an aUexEitot iBASt of ooom be sapant^ ina 
ayj^jaditeet e ur r eul noohnie 

ianngUt&walteatia(bma& ffaaeondufit^ am oomiiaotad 
^**^anadiaaiids|QinadtolbatvadipringL InivnapliMa 
then an two difiannt seta ti mduotersi the eon- 
OK OM art bttBg epaead half my betareen the 
«ueoUnr8et^eatbatthaS.bLF*hiciDasetuainaiXimum when 
uuiAoiafiiaotber; tbia then is a phase difoenna ol OtT^ ai^ 
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291. Bimensions of Units. — Tho dimcnsiona of anjr 
quantitj express bj a formula the extent to which tho 
fundamental units of mass (3f ), longtli (Zf)> and tamo (T) 
are inrolved in the unit selected U> measure the given 
quantity Thus velocity^ from tho usual relation in 
Mechanicsr is distauce/timei and tho unit of velocity is 
such that the body motes tlirough a distance of one centx- 
metre in one second^ this fact, Tsntten as a dimensional 
equationi becomes 

[ Velocity “J == y == W = 

Agam, accehraiion is defined os rato of change of 
velocity, and a bodj has unit acceleration if its velocity 
changes by unity m unit time, thus for the dimcnsiouiai 
equation wo have 

[Acceleration] = 1 J =5 iZ”* or [a] 5 = JUT"* 

Further, in connection witli force it is shown in 
Mechanics that / = ma, whero / d#*nolo9 the force, m the 
mass, and a the acceleration ; and unit force is defined a<i 
that force which develops unit acceleration in unit mass, 
thus for the dimensional equation we got 

[Forco3 = [m][fl]=: or [/jss-Vir’. 

In a similar manner, renicmlxjnng thatiror/ =sforco y dw 
lance, wo have 

[Work] = *VJ >“ or [insr3f//r-* 


Szamples ( 1 ] Shote hote 10 intodi^n*^ 

TIic pound^l “fnndoincDmr* units an* 1 pound, I tot, nn 
1 ceeonti , and Uio dyne umtn are 1 graroniN J ccntimrirr, n 

m 


1 

i 
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(4) Altematu^ murent and pr c a aur e onrvea may bo Boon or 
nhotc^ldiBd bv meani €i an oaoillogxaph wfaudi u xeal^ a dead 
tatmoniigoou nlTaiioiiietor One codbbU of a phnoplior 
bronie atnp nfanu paim over a pnUeyi the two hdrea of the etnp 
hangiBg down between tiie pdlei of a powerful manieU The too 
b ot to m ends of tbm atnp an laateiied to terminals and the pulley to 
a apnng ao that a coDBiderablB tenaioo » maintained in the atop 
A miRor la attached to the two lunha of the atnp On paaaiQg a 
OQRent one limb moToa inwaidoi the other ontwaxo^ ihna votat^ 
file muroTt the defieotum of whidi at ain inatent ja proportional to 
theeuxentatthatinataiit The dead beat bbaxaoter la inereasad 
by the preaenoa of an od. bath In order to obtain a xeoozd the 
nummant of the muxor we may reoem the of li^t refleeted 
ficom it on a photograpfaio ^te whidh u monng in a mxeotum at 
n|^t an^tea to the direotaon of vibmtum ao that the ourve eoniieat- 
iqg “onment” and “tuna” uobtamedon the plate Freqnantfy 
there an two atnpa^ fin "onxTent atnp "whioiiiiBhiiiited, and the 
''pnanue atnp* which u m aenea with a lugh zeaiBtance^ ao that 
both onxrant and praaraze onrvea ean be obtained aimnltaneonaly 


Bzerolaea ZZ3C 


Seetdon B. 

^1) Itatiq^iiih Mmen^nnuu \^nMdfin ro^me^agjimre 

Bcove that fin power ahaorbed 1^ a ooil taveraed by on altar- 
nata^enrretttiaiwooa 0. when Buid 0 are root mean a^nan 
valnsB of the B M T ana emrenb xeq^aobve^i and 0 ia tin dif- 
faranoe mphaae between finae two qnantitieB (BE Hxnu) 

(2) Enlain why fin primary onnent m a tnoaCKmer, aneh as an 
OEainaKy DonBa tnnaEonnert la ao nmah greater when the aeoondaxy 
eiremt la doaed (BE Honai) 

SaoUcm Cm 

(1) Beaenhe fin oonatraotioa of an eleotroetatoo voltmeter. 4a 
eleotroatetio voltmeter mvaa defleotiona of 16, and 21 aeale 
div unona for eonatant potmitiolB of 60, OOl and 70 Tvdti mneotav^ 
what defleotiona wiUbep^iioed by an altematiqg ebotrmnofin 
forae E dnnC (a) when fin amplitude E la 70 vbltB, and A) when 
EuflOvdlta* (BBo) 

OQ An alt ern at in g B UiF* of 200 velta and flOpanoda per 
» apiplied to a oondenaer in aenea with a SO volt 6watt metal 
fihnnentlamp Bmd the capaoitgr of the oondenaer vagund to mn 
tholamp ^8o Hbnn) 
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Sinularlj, for capacity wo luTO 


and tihereforB 

tiiatu 


3 = FO or 0 = 



£ 

r 




or 


[Cf] = Ii 


It \nn ba noticed that the dimensimis of capnoifjip are the Fame as 
those of length Thu does not mean that oaxuoity and length are 
amular quantities It » a result of the fact tmit the nstcm of 
eleotrostatio units la a oonrentional ono based upon the deflnition 
of unit quantity of oleolnoatj gt\on in Art. 80 The conditions 
of thu definition involve tho suppression of the dimensions of the 
quantity K for air This question 'mil be dealt irilh later on 


By an extension of the method indicated above it is 
easy to obtain tbe dimensions cf all Ibe electrostatic 
quantities The more important of these are given bolour 


Quantity 

CQ3 

A —■“'I 

Eleotno force 


jirj/ •>2’ 

Potential 

Cr3 

srhh'' 

Capacity 

[03 

L 

Electric polansation 

[P] 

mH -“jT . 


293. Dimensions of XEagnetioDmts — magnet ir 
nmts arc based upon Ac definition of the unit polo gnen 
in Art 17 Taking the relation/ siwimyiP and putting 
fu' ss m WB got/= jwViP; hence 

or wi — d^/ft 
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1 Moond. P^srtilur. 1 pound =s 468 69 grummet, and 1 foot s 6Q48 
con Simennon* of ftioo » MLT~^ a 

Banod, to ohango poondala Into 4 s^mo 'no must midti^ hy 
1 poimaid a 1882B dyaM. 

0i} Showhow to nUaergifOndJltidild 

^lonMi in a Aom^Nnoar. 

la thu OBBO tile dimenwona are and the 

mnltipljer beoomee ^ 421890L« e. X fiiotiOPOVBdel 

as 481880 ecgn 

Again, 1 HP tszm fbot-ponnde jjw aao »660x32*8 Ibot- 
ponndalaparno s 650 X 82 2 x ffiim ergs per see Bat 1 mtt 
s HP erga per aeo 

1 HJ. « g gP - ^ = tww TWLtta 

292. PiinimrionB of JBleofeEoatatlo Tniit8^n> ob- 
tain libe dmumsums of tihe e b nnit jptUMfaiy wa W in -ynfli 
thetdation/s=: 2 s'/<^ Tabmg gf = 2 ire get /=s g|*/d>, or 


fidd IB 


« [7] 

U AXSE 



4 * = «*•/. 

that 18 

j =sdvy 

BGenoe 

M = li.(lEZ^* 

or 

[2] = i 

That 18 

[2] = 

Agam,ae patmUal at any point in the deotno 
aieyg^tMl eneigy jwr wnf satuOiiy qfdedneity 


47 
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That IS [7] =: £ 

or [/] =: * 

From this it is easy to build up the dimensions of the 
electromagnetic units giren belovr 


Current 


1 1 -1 
m*i?t 

Quantify 

m 


Electromotive force 

[j®] 


Besistance 

[JZ] 

LT~' 

Capacity 

10} 

L T 

Inductance 


L 


295. Irrationality of Eleotromaguetio and Sleo- 
trostatio Units.-*-It will be seen bj reference to the 
tables given in the foregoing article that the dimensions 
of ^e same quantity axe not the same m the two sets of 
units For example, the dimensions of Quantity of Eleo- 

tnci^ are in the dectrostatic i^stem, and 

in dectromagnetic units, this results, as already ex- 
plained, from the snppiession of the dimensions of K am 
tt n we mdude these quantities m determming the 
dimensions of any quantity in the two sets of umts it wiU 
be possible to determine a condition that the dimenmons of 
K ^d ft must satisfy in order that flie dunensions of we 
riven quantity shall be the same for the two s^ 

Ttkmg quantity of oleotnmfy for example, we have for we 
dectrostotio units 



g»=:^/rP 
qz^ VK Vf7d 


or 
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Frooeedmg as m t3ie ease oE decbostafio mdU we get 


or 


[»] =s 
[«]=: 


IhnxiL 13nB rmHb as a Btarbng pdnt m leadilj obtaxa 
fhe dinummanB of Qie magnetic qua&tatmstebd^tnM 


Strength of pole 

[w] 


l&gnebofisGe 

m 


Ifegnstio potentnl 

ipi 


MowoffiDEoe 

m 

* 

Belnctssoe 

[Zorfi] 

L"* 

Magnebo moment 

im 


lateoHiiy of mi^piBtiaatiDa 

ra 


Magnebo mdncfaon 

[B] 

3f*L“*SP‘* 


Xt ahonU hm be noboed tibafc u tbe Amwmrtu of jr um 
mppreM ed v ^ deotriMtatio nj^etoin, ao Ilia dxmeiuKn of a ace 
npEnuea in nia q^atem of magbatio aod deotconagoetiQ 

904. XHauBudmu of Eleeteouagnetio Vaite^To 
oMam t hese we ^it wiai 13n deSmi&nL of tiie mut of 
-ouiamLgimiiii Art 161 Ecom flus to gafc fliw 

SfvjiJ 

r * 

wLtoH denotes flmgtrcmgtt fiddat tibe 

centre of the cod. ^Diu gives the xelatum 

“ m = [H] [r]. 



340 


TnroBT or ukits 


or Ev'-KA] = 

or the dimonaionfl of are those of a Telocitr If we 

work out tho result for any otiier quantify whose dimen- 
Bions con he ororessed in both sets of units we always get 
the same xesult We are therefore not able to give tiie 
dimonBions of JET or fi separately, but only to state that 



If we extend the method indicated in this article it is possible 
to express tho dinioasionB of the oleetnosl quantities in terms oi 
if, Jj, Tf and K for the elootrostatio ^tem, and m terms of if, 
and p, for the eleotromagneho qrstem Zf in ^ese dimen- 
sions wo suppress JT or /I wo got the tunal eleofzostatio or electro 
magnotio dimenBions She table on p 8^1 gives tlicse dimensums 
for tho more important qnanbticB 


296. Practioul Units. — ^Tbe practical units are again 
given below and their magnitu^ m tenns of dectro- 
magnetic an d ele ctrostatic CG-S units specified The 
quantify 1/ u indicated by v, and its measure m 
aiT may be taken as 8 x 10". 


Quantity 


Practical 

Umt 


EleotromotiTe Force 

R^tanoe 

Current 

Quantity of Eleotn 
eity 

Capacity 

Inductance 



Farad 

ifiero/annf 
Henry . 
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That is [s] *= [ W 

or [a] = [VZ]arMT^ 

Bmularlj, for the electKmiagnebe units 
[Q] = [Jt] = [I]I' 

Nov to mtiodace ft into [I] ve have 
»_ 1 m* 

■^”7 ^ 

or IB = d. 

That IS, [m] = [ aZ/i] Jf 


theoDL the dimansKms of magnetic potential, V, axe tiiose of 
vork per unit pide or 


[F] = 


im 


MjfT 


_ 1 








AIbo magnetio fonsa or fltrangtk of field S is measured by 
zate of <£aDge of potentml mtii and therefore 

[ff] = ^ 

And, asm Art 894* 


[1] = [H] i = 


and thstefora [Q3 «= 


1 


I7i7 

1 




IE the two sets of units axe consutent the two film^naiAiio 
for quaatiiy ahould be the same, that is 

slioiild be identiiwl Thu evidently mTdves 
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of Eleotrostatzo and ElectrouBAneiao 
1 dimensions of any 

eleotn^ quantity in the ordinaiy electrostatu: and eleotro. 
mgnefac units we find that the result is of the dimensions 
of a Telocity or a power of a TeJocity Thus, for quantity 
01 eteotncity, the ratio of the eleotrostatio to the electio- 
magnetic d/menAwns is 




or or [p] 


Sinularljr for deotromotiTe force or dif eience of potentia] 
we get 

£r=^ LtJ 

and foi oapacitj we get 

or £* a^*. That » ( if"’ ]* or [«»1 

and so on for the other quantities 

Now let B and m be the niuabers representing the same 
quanitiy on the electrostatic and electromagnetic sjrstems 
Then cfearlj 

I Wj = m 

.1 




j 


In this equation s/m is a pure number, [LT"*] means 
the unit of Telomij, Wee 

Lz=:.JL^zs V centimetres per second, 
m 

A quantity measured m e 8 units 
•' *rhq R P-TiBfl quantity measured mem umte 

It ahould be iioted tiiat s Bad m beuyp the magmtndeB d tba saiM 


ssV 


Qnuitf^ 
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dimensions bj the appropriate formula (Chapter YJl ) 
This gives $f the Blecbostahc metisure of the capaoily in 
G O' S eleetrostatio units 

To determine the electrotnagnehc measure of its capamfy 
the condenser is charged to a known difference of potential 
V and then discharged through a bidlistic galvanometer 
If S denotes the angular throw of the galvanometer needle, 
corrected for damping, we have 


HT _ 
wa 2 


But Q = mF, where m is the eleotromagnehc measuro of 
the capacity and F is expressed in 0 G- S electromagnetic 
waits 

Hence we get i»F = ^ 


or 


ms; 


HT S 
vQV 2 ' 


The xneasutes a and m being thus found, the value of v 
18 given, as shown ahove^ 1^ the relation 



a 

Second Me&od — ^The pnnoiple of this method (which 
was suggested hj Maxwell and has been used bj Thomson 
and Searle) will be ga&ered born 
!Fig 471, where 0 is the conden- 
ser of capacity m electromag- 
netiG nmts Imagine Q to be a 
vibrating piece making n contacts 
with X and T ^ second At 
each contact with X the conden- 
ser is charged and at each contact 
with F it 18 dischaiged. The 
charge at each contart will be 

JSfm units, where i? 18 theEMP oftheceHandthecSa^d 

ner second possmg through the galvanometer will be 
unite If the of swmg of the galvanometer he long 
compared mth 1/n of a second these mtenmttont currents 


-\L 

h-*i 

L] 


FT 
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quantif^m tbie tiro nmt^ tbeimtio is the tnvene ratio of tihs bum of 
ueim^ •« 

nmtirfqqsatity ^ 

^□iBes nut of ^osnl^ 

• Xheem tuut quantity as o (ths e s nmt quantity] 

It BOB stated m Art Idltiiat the am nmt quantity iros 
8 X 10 ^* e B umts (this means that v xs as 8 x 10 ^ a 

Tdoo^ctf 


Ag^ 

nimmrB 

BjBtemB, 


xn tlie case of oapaafy, if s and m be the 
repraBenting the some equunty on tiie two 




« — 


m 






ie A capacily ineaBuied in e s units _ ^ 
(Am BBane eapacni^ omts 


Bmulady, ob obove^ 

PiB e m unit d OBpsmtjy _ ^ 

The e a. umt q£ oapiuity * 

.* The e m umt oEeapoeily s ^ (the e s unit of eapamty) 

It was stated in Arti St that the Sim nmt oapoeity vbb 
0 X e B umts (thu sgsm meoiiB that liJEa se 8 x 10"* « 
Treaty of light) 


^Pzom the pteoedmg it foIiowBthat m older to determine 
^raehcaDy foe Taloe of vit is only neoBBBBxy to xaesuniie 
the same eleetncalqnantily mboOi ByatemeoC nniiB, fhe 
moot ooirraiient qiuuitriy in pnudaee is oapandy 


29a Detenmnatloai of In order to dAftfwmiTt fi 
o horn measnzenieiitB of fhe capooity of a oondenser fhe 
following meOiodB may be adopted — 

Method— A Teiy aoeoxatdy made oondenfler of 
definite yom^ncal fam— pkne, apTigwajl^ 

IB oaxefauy meaBUzed^ and its eapanty oaletdatedfirom xb 
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299. Determination of the Ohm. The BJL. 
Method. — The poroblem is to find the exact Bpecification 
of a resistance vrhich is equal to 10’ 0 G S dectromagnetio 
units, eg to find the length of a column of mercuiy of 
1 sq mm cross-section and at the tempeiatuie of mnlfatig 
ice which has a resistance of lO* 0 G S electromagnetic 
units The general principle of the Bnt/tdh Assoctation 
Boiahng Coil JlethoA is as follows — 

A thm circular coil is rotated lapidlj and umfonnlj 
about a Tertical axis m the earth’s fidd. Aa a result cur- 
rents are induced in the coil, and if a magnetic needle be 
suspended exactly at the centre of the coil it will be de- 
flected the action of the mduced ouirents m ihe direc- 
tion of tito rotation of the coil Prom the constant of the 
ecnl, the Etpeed of rotation, and the defleokon of the needle 
lb is possible to obtain an absolute measure of the xesis- 
tance of the ochI. 


Let R denote the honzontal component of the earth’s field, A the 
area of the ooil, n the number of turns, and athc angle between the 
plane of the at aw instant and the plane at ngnb angles to the 
magnetic mendian ^en P, the flow cu force thn^h the coil, is 
given by P B nRA cos a or, since a = by jF’ = aoA cos and 
the induced eleotTomotive force is nRAtt sin ut 


Thu gives 


1 = 


nRAu 


8 in(wf - 4) 


But 

Also 


cos a B 


am (ttt - ^} B sin ui cos 4 ** ut sin ^ 

4 s - ■ ^ and Bin 4 ^ * 

+ viC- + //*w* 


Therefore we may wnte 

Z B [B sm ut « cos ud. 

Now, if O be the constant of the coil, the field at the centre of 
the ooil at nght angles to its plane will be GI9 and the Mmpononte 
of thu field in and at nght angles to the mendunare GI cos ui and 
ffJsiD Bnbsktntuig the value of / we get 


G^Ata [12 am <joB «e - cos* flrf], 


OnHAu + 

+ 2L * -* 


or 
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mil prodniie fhs sBrna dafleatum 9 aa a ateadj ennent of 
■henglili n]^ omtH 

Bov let the condeiiBer and Q be leplaced a reautanoe 
S em Tunte and let tine be ad 3 nated nnbl ^ defleatum 
la again 0 ao that tiie oonent la again niiinsnfla]l 7 equal to 
nSattbenoe 


"^- g + r + B * 

*(0 + *■ + JS) ’ 

from vbiah, knowing n and the 
110110118 leautaneea, m la deter- p > 
mined If m la amall (g-(-r-j-lQ y/' 

will be large for medinm valuea ^ 
of Hi and u (g -f r) la ■wm-'n B S. 

■wiUl be laxge, benin we may n. 
wnte 8 S 

“ = S " Lllll. 




ao that the oapamfy m bebaTaa vs, aim 

bkeaxeaiatanceB =s l/nm ^ ™ 

Hence Maxwell pointed out that inatead of aababtatmir 
a xeaiatanoafor 0 and Q, these nuglit be pl«i«wd in one ^ 
of tiie ‘Wbeatatane Bn^ and aWanoe obtamed in the 

uanal way (Rg 472) In thia way B»io .JL, and 

tharaEoKo iriy IB detammied 

The capacsiy • u e b mats u obtained from the dunen- 
Buatt of ilie oondenBer, and tiieraloireoss found 

Ttopeee&ngmeHiodiB gpeoaally Bmted to flin TOPmiT^rp - 
nent ox amall oapaoifaeB 

B A- « 


Oapter Xm that the 3 
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EVom these telations JB ooa be detennined absolutely, 
for all the other quautibea oau be oaloulated from the 
liinumBinna of the coil and the speed of rotation. Xhe le- 
sisfance of the coil cucmt thus detemuned in electromag- 
netio C G'.S units can &en be compared tnih the specifio 
resistance of pure meicury and the resistance equivalent to 
the fthm, or C & S. elecfamnagnebc units deuced from 
the results. In this ivay the ohm can be spemfied m terms 
of the spei^o resistance of pure mercurv 
The determmed from the results of these experi- 
ments was the BJi unit, and its value is about 
9868 of the ohm as now specified. 


300. Determination of the Ohm. Xhe Lorens 
KethocL— When a disc of couductmg material is rotated 
in its own plwe in a magnetm field about its geometnoal 
axis a difmrence of potentiaZ is set up, as already ex- 

5 1n.iTiArl , between the axis and the cncnmference of the 
ISO As m Art. 244, if M denote the component of the 
fidd at nght angles to the plane of the disc, and if the fidd 
be assumed uniform, we have 


where r denotes the radius of the disi^ 2* the time of 
rotation, and s the difference of potential set up between 
the axis and ciroumferenoe of the disc H, then, a 
disc be set up m the mtenor of a tong earefully-womd 
sotonoid with its axis paiallel to the axis of the coil (which 
should be at nght angles to the mendian in order to 
AliiTHTiatA the earth’s field) and made to rotate uniformly 


we shall have 


HT* 4irnl _ 4irVttf 

T f ’ 


where I is the current in the cod, for (he pl^ of the 
is at nght angles to the field dural inside the ^ due to 
Se iSnSit I passing through the cod It is wdy 
possible by the aiiangementto IAum 

5f potent^ e against theddEerence of pototial i»t^ 
?wo^te onT^duotor forming part of the ommit of 
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_ OaSALifl J_ vnoAtt 


CfnffAti 


or 


_ rfn (arf - « 

aiij* + 

for the QOnqpaneatpBTallUil to tho mondian, and 

fld *- £» oot «i nn «iQi 


QnEAu 


or 


4tJHi-co»aMt)-£nnia»q. 


for foe oamponent at n^t oa^foi to the mendian 
Theie e^preanmu for foe oomponento of foe field doe to foe 
ndoeol ennen to eoasivt eooh oC two partly a oonitoiit part und a 
penodio port of period doable that of foe rotatum of foe omit and if 
the needb enq^oded at fhe oentcebe aeBninedto have a aaffioiently 
large moment of inertia the effieot of foe penodio parte <d foe oom- 
poDento trill have a negbgible effoob m detenuming lia pomtioOf 
end ore may vnte the eomponenta etfeel»vely detanmmng poei- 

tion of foe needle at 

xr_ CfnffALti^ 

^”£t 2FTI=?i 

paraUeLto foe mendun and 
atn^t en|^ to foe mendian 

U therefore t be foe obeerveddefleatum of the needle foom foe 
mendiany ire have 

GfnBIdJSir 

Sl» + W) 

tan e SB ■ ■ ■■■ 

xr^ 


or 


• Osdlfw 

+ £-er) - ChiiU^ ‘ 
IfXwuTeryBiQally foen foie ledaoee to 


tana-^ 


D_ CFnAw 

"~5T5T* 



Tnront or toiw 




ton $ 


mined Tins can* Iionctrr, bedo*ic hy tlir ctennotKn 

und o^cdhtiot method of Art t3 1 \m ^i\ ra 

//«=Ia/TFT 

t V a' 

Substituting this Toluo of Jl m tho expression for / wo get 
^ fP uin r tn 

In thin otpretsion for / thcro m no ipnntit^ which rnnnot 
incv ured dincti} in orio or more of the fundimcntol iinitn of nt i*\ 
lengthy ftnd time; nml po / can ho detn mined nb o1ule),> hy 
nie't''urcmenf nindo with the balance, the r'alo of kngthi nml a 
ficcoofln chich To malwC nn accurate nlrohito mennurinunt of 
cumntit would bo nu<*'^ar;> to Adopt Imi approxinmfe p)ati»»a 
than tho^o gUcti nboio and to eeouro the utmoit necanov 
iKmtble in making tin fiindamentA! ineasureinenK Ion the otithne 
just pttn fnlhcientJ) indu ah <r thu method 
Tlie al^lutc mcaanriment of current ean als> be iiinde b^ 
m'*a<'unng tlio flllracllon l*elween two coiN nrnmg the rawe 
errrent ami pinerd tuch tlnirptams ptn&llel,nc ngiit nn;'Kn to the 
tine jtiminj. their ecntm If / Iw the ciirnnt in the ftoli and -V 
the coe*j c.tnl of iiirtunl tndncti m* tho force of allr-v lio i ni 
b> /* here d V/dr d* not/ s the mfe of elmi} p of ^f n ith 

y, lhcfJj''IAjjr' lictwc^n theetnt*T'»«fthftCfiik Tbisntmfel mum 
of M can raleiilated from the dimeneio is of the cod e)f ti m, and 
the foKM of nttmclnm ktwcc-i the coiln eim lie d'hrimnrd in 
dtnc* dirtelU One wil m atta**h«l to one pan of an tnh» 
Kahnce nml Ihe other \n fixfd in the rptcifled POMlmn imdrr « 
hen the current pvns the fmte rf attnwllon Vtwern the 
can exact bnfaneeil h> p^v^ng w eights in the i»si» of the 
l>a*anre, and from llipsp wi ightu the rne-imiv «f the forc^ Is at i ti m 
obuirMl indsmu ^ 

fionl Usalelpli and Mn h«l/wfck In If.efr dete-mfention of th*' 
eKtnrlmmieal enuHAbnl id Hhee the n rirnt m \hh 

sins , as a mein n^idt it was fo» ml ihst Ui'* Cd b unit c 
fkiKhiM 0! I mmme of rilw r iK'r nd 

(21 '-'i wo for th* nb dulr O'-iit o 

riMslnnM Issf a!rt/d> U< idesU 'uth In AH^- W ami *» « 

a Ihinl, Umvn rs th«* l»s> !»«/•» > 



cm Ut If « l>^ fr/Mkmpi-g* O' 

o\ff nr: * .♦ 


/; 


vO J 


If r 


irn 


hence 
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m 


t^tBodaodoanTii 
ittutaaoe belnm 


thereto tiiS«am«(meDt l!22be 
use to pomte film to belsiioe u 


Mil 

nr 


= zb; 


or 



la thk my I ifi 
elenmned m 


and to lesutoe £ is 


fttormberof 
tanu jwr to 
ZnijA^ uid !Fa 
toe lig 408 

TIob amnge- 

ito d onniBetou to to loetod IB ahovn tognmiF 
ntoallj (M fhe tonesbixy tooiTa to 
metoduBimm totore m % ntmtber of detok and 
oomohons %he xnetod is to to Lorena^ to oaxeful 
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1 now unit a ^ 0 G S. unit, 
’ 1 C G S unit ss GCO now units , 

* \ *18 0 G S unit sz 108 new units, 

»« ir«108 


2. FmA tht connection betioeen tike uott and (1) the e,m tmit, (2) iht 
€t unit qf potenital 

The definitions of tho practical onits m terms of the OG,S 
units (Chapter XI ) really amoanb to taking 10’ om (an aro of 
the earth’s 8iirfaco}| 10*"^* grammes, and the second as the units of 
lencthi moss, and time ; hence the praotioal system is sometimes 
oallM toe quadrant elerenili-ot gramme second system 


DimeuBions « \ 

A Multiplier *= (lO-wj^flO®)^ s 10®, 
ut 1 volt = 10® e m units* 

Again 1 e m unit » .i o s units, 

1 a 1 volt s 0 s unit 


i^ofe —The lade of mnformito m the systems of eleotnoal umts 
and too compkoalion of deotnoal eqnaiionB by the '^rmozutrcsity” 
bale led to seieral saggostions for a more rational system 2Er 
Oliver Keaviside eu^ests that umt pole should be taken as that 
whxto exoris a force of 4r dynes on an equal pole one centimetre 
distant^ and evohes a system in which 


One Heaviside Unit of Polo Strength 


1 


X C G S Unit Pole, 


ft >1 

II 

%% II 


,, ,• Cmrent 


ft 


BMP 


„ „ Resistance 


» X The Ampere, 

v4r 

« ijiir X The Vbitfc 
= The Ohm, 


and so on Professor Pessenden suggests rationalisiog oor 
formulae by taking the permeabdilgr of air as 4r Other mg 
cestions have been made, but so far none has met with deoided 
annroval, so that we are still womed with two distort ^temsot 
units which do not in toe least oomoidB, two disbimt sets oi 
dimensions neither of which con posmbly he oomat, and an awk- 
ward 4w ID OUT formnlao 
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B a gal vMmnwter be m Mties with 4I and S’ be tbedeflech 

tuBii / s tan I' f eiibititetiiig— 

j. 4rM G tans* 

^“TT 7‘nn 

The ratio GfCP mav be obfeuned eaq^enmeatal^ ^ passimg the 
lame eanent throng the tiro eabanometeta m eene^ and the 
ffB wT ^vantitMa unolnd oan be dneotSy detemnned tn fnnda- 
mental mute 

(8) iBbr66.-dh praotuM. having obtained the two 

preoediDg qiuafotiea independent^ m abaohite tteanm^ an S M F 
can be determnuMl bom them , oat B M F nu^t be meBanred 
abaointely aa fbllovs B a thin nuonlar ooodimtGfr be made to 
rotate in a uniform field about an aaos at q^t anj^ei to the dixeo- 
turn of Ae field vnth a nmfann vehxnty «« then, negleotug eelf* 
udaotuma the deotromobve fone htdaew in the oondaotor at ai^ 
^nntantHtaaindFte 2tl» 888^ given by 
a a SAm am vt 


The manmnm value of e obteina irhen the plane efi tibe oandnotor 
la parallel to the dneotfon of the field, 10 that if Ihe enohlar ooo- 
dome be eat^ and the endi made to oonneot antomatual^ with 
the tenmnali of a voltaio eeQ every time tin oondootor paaaea 
tluoi^ fiiu pontioiq, it woald be powble to aixaage tint Ihe 
BMF. ottbeoellriuiudbegppoeedto theindneedEaLF in the 
oondnotor^ and to a4]iut the apeed of roMum ™fai ihe two 

r ied de e teomot i ve foroas aboud eiaotly bdraee. We abodd 
have 

Ssa SAttaxktHt 


iriiere B ean be detenmned abeoilafa^aB befota and tiie other 
onaabtiea mvdlved are fondamental Die eMromobve fom of 
the oeU mm thna be detarnuned in abaolntB nmia 


Sxamplee. 


1 d8«i«foaq^Ba(JEe»i)i 180(7.5 imil;«;praMt&u»imm, 
mpm I inui. naib 


Dimennona of field « j 


"3^- 


“A™* ; Xngm -xAvSnnuaai lam s 60 no 
r mate into QOS amti m mnifc thua- 
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ELECTRIC OSdLLATIOJrS, ELEClKOHAaKETIO 
WAVES. AND WIRELESS TELE&RAPHr 

302. Oscillatosy 3)iscliaxge.— Whea the plates of a 
chaiged condenser am connected hr a lai^ resistance the 
disc&urge consists of a steadr florr one plate to the 
other, w chaTges thus neutr^sing and the potentials of 
the plates both becoming zero If, hoverer, roe resistance 
be beloir a certain valne, the dis^aige consists, not of a 
steady: 
ingsto 

the ojpponte chaiga and charges the condenser m the 
(^poim direotioa, this is foUonedbyaxerersernsh irhich 
again “orecsboots the mark” and charges the condenser 
in the same nay as it nas originally, and so on Eai^ 
snccessire osmllation is neaker than Ae preceding; thus, 
aftmr a number of such suigings the discharge is complete 
and the potentials of the plat^ equalised At each oscil- 
lafaon the electrostatic energy of the condenser field is con- 
verted into electromagnetic enogy accompanied ly the 
dissipation of a small quantity of energr as heat in^ the 
condnctor (and also electno radiation as explained 
belon) These osi^tions take place very rapidly, the 
tima of each is the same, and fins time is knoirn as the 
period of the osdllaiiQus 

As t]te result of these transformations of energr it is 
evident that the portion of the medium involved pnmanlj 
in the transformations most mSergo a dtfiaite pemdie 
variation of state This variation of state is propacated 
vnth finite veloatv throughout the surroundmg medimn, 

354 


fiovT, but of a number of rapid osciUabons or surg- 
and fro: the first *' rash mote than nenhabses 
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BietidHes XKm 

SBottmi 0^ 

(1) Qm LotenA uethod oC datenmmng tlw ohm u ohabliito 
memn, rad dmonlio m dotaal tbo appmitaji nqmnd for tho 

pupois Hm) 

MITtat»inMift1^tho«gMJra“ihadimdnB!^ 

ibkmg u ymir fanduneatel qaasMm Iragtl^ and mao^ 
dedmm dimflonou oE anatgy and ebotroati^ 

(BSop) 

(8) Bewnba m» meOtods hy ^ vute o£ oommt and 
deoferamofara ibm nay be fmmd in tha deotromagDabo ml»m 

iBSo) 


(A Ao(ndBq(todnQsittldafimti<mi^ fihadimeaaunnofcapBOiiy 
rafhadaolmngiubaq^ oEtlianQ^pcooal<diiii ao- 

odanfua^vliila cm tiw daotratetm mtem tiuy aia afoqp^ a 
leqgllb Bhoir hoar dm nadta ata ootamedi rad eaplaiD the 
aisyataatdunapaiuy. (BIk) 


( 6 ) 3 )adiiMlihadiineAdmmteni»dthowidiiW 8 ^]aiu^ 
tnofl^ of qnrafeitya potentkl dififaraniMb and capaoify, hm m dm 
alaobmtabo aid daotranraiiado Shonrimliha xaftwia 

axpcanad by aoira yowtt Ola TdiMny, and fhatto ndime duB xatu) 
toa pan xmmlwr ift n neoaman to fndnda ^lU. 

daotnoQOiiBtaxitandpermeBlBhfy, (BSo Hboa) 


{Q Defina tin toimi magnafcomotiva 
idnotaiioa of a magadiio amat Shad dm 
qiaantitm 


Mill 

of liheM 
(Bfio SoDi) 

Cn I)«K^ > n^m& te datetBouag fho idotna Iwtinea^ 
dHtnauigDabo and elaotraitatie qvtni of mitiL and tiie 

dnpaiinoin of tha aarctal qoubtiaa xundvadiattieir meaantaiiiBiita 

ODSo) 

W lehtioBa Iwtaaan the aawal ahaidata nuti of 

alBeiei^j^ qaten lo eonant of ooa aupan u aant 
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dQJdl tntb respect to time vre got the initml result muUiphed b) u 
constAoL 

This at once suggests that 

Q s Qg sm iftj 
for 

^ S= eos w(, —i^Liss - wf, 



This result agrees uith thooncgi\onabo\e, the constant 1/(7A 
being represents b> 

Now the expression QssQn sir indiOAte^ tb&t Q m a pcrioilio 
quantity \ar}tng harmoniCAlh botircen the limits anu * Ooi 
and the period of its conation is 2r/«, for chingos from rcro \aIuo 
to 2rin that time and goes (hrongh Its full c^cle of values nithin 
these limits Kov this period 2rfu » o\ identic the period of onril 
lation of the disobargo, and since = llOL tho penod of o^fcilla 
UoD IB gircn by 

f = (1) 


and tbo frequency {n)i viz. 1/fp » 


I 


<2) 


Ji L be in C 0.6 elcetromngnetio units and 0 in 0 0 b electro 
•fatie units, then, smeo the Ifltt4:r is equal to 0/|0 x JO***) cleoiro 
magnctio units, 

5 X 10*® 


ti*s 




304 3?orioa of OsclUatton Second Apwoidmatlon - 
In tho pMeedinc vo hate nrgicottd the i iicrgy flirtipatw bj Uie 
Joule heating If no include this wo must the eqna 

tiou gi\cn nljorc b> adding PI\ Uk rate of di% upVmn ^ • 
to tho two other rates of change of rncrg> before tqiiiljn^ ih ir 

algebraic sum to zero. Tins gi>w, after sulrititutinp^-j^ j I 
2>M and nmplif} ing, 

^(dQy 


ntor 


5+ 

V 




or 
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Hi&t 18, it ifl thiB origin of & sot of dootrio or oloctEO" 
magxuido vbvob tviidl ifwd otetaoni m oB dtreeftotK 
into fte fliedtiHB tmA a oetoci^ 

PedSenKHi in 1867 Tonfiei 13 ib oBotOatoiy duxactor of 
fhe i^k firam a Leyden ]ar Taj yiewing itinaxajidfy 
rotatoig minor , HtB image cooButed of a bandinth linght 
and dark spaceB Wifh a Ingh xesutence mthe eooait 
die mmge Became aun^ a band, tihe bdg^ and daxk 
aUnriulaoBB being absent 

803 period of Oseiilatunu Axet iknprcttimilflSL--A 
finbBxmnaunaftMmtotlntuM osodbfumm aavpiiitMa^ 

» xeam^ obtained if ve oomider a eeae m vhudi m duarpstion of 
eneigy at eaflh oomllatium n Bodwbb bdibIL Let Odm^flie 
eapaody tbe oondeoBenL ibe raf^mdiutaiioa of tha oira^ 
the mazunmn dbaige^ aiid/« the mammnm mttmt dnwng ilMnhK^ 
then tin eoeigy m themeduim u gim hy 


Henee^ if the dionpafeioa d eoetgy be n^tooted and Q end / denote 
iheoharga and oormt d 01^ tiueem^ Wha. 

ahera ifiB oonitanti 
n tins u difoenluted \ntiL ce^ed to 

Q ^.Tjdl n 

0- 


Kbw 

andliiarafiate — 

Hanoe 

Q dQ l(^)_ 

0 di 3i 



ie 

V«“/ a t 1 0 


di 


Ibu endanUf meani thatQ ue 
farentuta it vitn reipeot to bma to 


fi^ thatif \redif. 
and than diflbnnituita 
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■d) 


Vig 474 


305. Eevtsfa Sspenments — inTest^teddeo- 
tno oscillations and waves by means of apparatus m 'nluch 
the oacilUdor or vibrator was a dumb-bell-shaped brass 
conductor Tlie rod connecting A and B was cut so os to 
give a small gM at ab (Fig 274) between the two small 
brass balls a mab The poition Aa was then connected 

to one pole of on induc- 
tion coil and Bb to the 
other pole as shown 
When the induction 
coil IB worked Aa, say, 
IS cbaiged to a l^her 
potentim than Bb, then 
a spark passes at ab, and 
{hoffxihof this on account of its comparatiTely low 
resistance practically connects Aa and Bb as one con- 
ductor, and the potential is equalised by veiy rapid electnc 
oscillations in this conductor The cycle of changes that 
go on in the medium near the vibratoi dunng one com;^ete 
vibration is that associated with the transfonnation of 
electrostatic to electromagnetic energy, the re-transforma- 
tion of electiomagnetic to electrostatic energy, and, dunng 
these, a gradual dissipation of eneigy as heat This cjm 
of changes is transmitted out mto the medium, and the 
sequence of states so transmitted constitutes the electnc 
waves When these waves ]^s a conductor thqr tend to 
reproduce the electncal conmtions m it, that is, eleotncal 
oscillations ore induced m the conductor and small roorhs 
may be caused between conductors placed dose together 
Herbs took advantage of this to detect the waves One 
form of deiodoT tued by him was a piece of tbok copper 
wire bent mto a code, but with a small air-gap between 
/ ends of the wire, the width of the gap could be ad- 
justed As the waves passed through this circuit small 
sparks were observed at the gap, and it was found that 
the sparks weie strongest when the dimensions of tiw 
detector were such that its penod of oscillation as an osm- 
lator was tlie same as that of the oscillator originating the 
waves. This is an example of the general principle of 
aonanee, and a circuit showing dectnc resonance is specially 
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EoMon fw Q for vlncAi tiuB xoUiti w 18 tni 0 depiodi iip^ 


Tbeem 

tht xoota of &e qvadxalio eq^ 


£a^+£c + ^<-0 

■n ml oor nuc^boHy. 

Oual. IfthatootianunBgiiiBiy, tl»feuifi^>JPtiheTaJiie 

oCQugmalqr _ 

QsiAe («{ + •)• 


ivlm 




1 JP 

ro’n?- 


^yffattteadlt Q n5p0tiodio fanotumof fhetuoai iteBnooeadfe 
muiiiiiim talm dsorauuigmttafl^^ 
in anUbmitaoid pnyw na nb *0% u nbcm^ tl» peciod of owillatian 


and thn finaoMUj u 

.. » a/T 3F ^ 

"“SFVgj-gy • W 


Wua JB » 0 thow amdont^ Todooe to Hw diii{te moltt^ 
otOiigmiabm 


Ouo 2a B the note of tiio qiuidintio «q]BBtiim an call, tiut » 
-^1 thro tfie falu for Q vhudi aatafiea 2ia idM^ 


tAe + 


whenaand^axethenoteoCtiieeqiBBtMa Asmi fhu eqnaluMi it 
«ul he aero timt ai tinoEaseevQnenrohaiUMi^lmtsteBdilf 
oeoieHe^ xm rolne (nuf altro «o nfime tmwb ^he- 

oo mm g m^ugafy smell m a vmy short t»"«* 

It tellm from thu that the nlaboii 2* a 
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pit<^, using one piiaboho minor M (l*ig Cttcd \rjtli a ) jbmtor, 
to onginatc (ho wavoi, and Another nlho fitted a vibrator, 
A8 0 rcoonor of the refrnoted bcitn Tlio benm of clcotno mdiatioii 
from M uraa found to bo rofmotod m the oanio ao} aba beam of 
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light, tbo dirootionof tho refniotod beam borne readily detected by 
tlio position of niBXimnm spark notiiity at tho Mbrntor attaolicd 
toil. 

Tliftt tho beama consist of polnnsed \n\cs mo} bo shown by 
Azranging ^0 rcHcotors (Fig IW) Cwt aitli (ho focal Iinca patauoi 
and then aith tbo fooal linea at nght angles , in tho fonacr case the 
doteoto responds, but it does not do so m tlio latter case 


300. ]jaT)oratozy HCeChods for the Prodnetiouv 
Peteotion^ and Investigatton of Sleotrouiagnotio 
Waves.— -IVir eAponmental work some form of Herte 
oscillator is toqucntljr employed If A and 3 (Fig 47i) 
bo mrculnr plates of radius r cm tbo deotrostatic capacity 
of each is Zr/v, and since tho two are really in senes the 
total capacity is one half of this , heno^ assuming this to 
be the whole capamtiy, wo have 0= r/w e s raits The 
£ may ha colculated from the relation L = 

21 ^log. ^ -- 1 where 1 is tho total length of the two rods 

and d the diameter, both in centimetres ; this detetmmesJS 


laom units . jsx n 

A form of oscillator dne to lodge consists of two smou 
brass spheres 8 cm diamotei and 1 2 cm apart with a 
Kr one 8 cm diameter fixed between th^, ^>6 
sphms being connected to the induction coil and 
sparking across the diameter of Imger one, the wave 
Imiglh with this osciHator is about 1 85 cm 
Another type, also dne to Lodge, consists of two qibeies 
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effaohTemdeteofaiige^ By the pnq^ ajbust 

rnent of aidnetaace and oa]^ty it u possible to aa]iut 
thepenod oC fiis detector Tv^ii^ndel^tsyandso tvfis 
It to resonance m wj paitiioalar csae Further, it irae 
fonnd that the rarpia the detect nxost bepanJMtothe 
gap m the ownUator, for the mve is polarised 


(a) Detenmnolion sf Fove Lmtfh and Ydocdfi - JOsctno waves 
an »imd to pan thtm^ stenewotk, woodvrark^ and olhsE wmtiap 
aatetanoas^ msidtarrdteKm atavw good eondnctmg matenal 
Henos^ if a laiga metal duet be set op wiw Its plane at ng^t anglea 
to the fane of pnipagahon of the waves, a atatranaiy wave m pro- 
duced befcveaa ibe vibiator and the cefleotor The refieotmg snr- 
fBoemaikBanode u tite wavs^ and snooessive nodes or mtmodes 
an at a dutenoo anait eqpal to om-lialf the wave lengtii* Sy 
laeaasof adeteotor thepontusuof the nodes and intomodes axe 
nadh^detaotedbyitagmeseenoe or aotivity, rad the wave lengte 
deteraniMd Hens adopted thia method 
If Ybe the waie length, n fregeenciy oakwilated ficom the data 
id the oaeiUatorpaiideteevelooiteof Inasmusum of the waveis 
then V any, so that vudetemmed. Barts forad the value to be 
8 X 10^ om per asoond, that is the vekxnfty of tnnsiniasum of 
eleotno waves is the same as that of l^t waves Thenedramin 
wbxh the eUetrm warn an prqtagatedu Ihe ether 
Sanam and BalaBivehavepoiiitad out that the uitenffetatioa 
of tim above enerunent n faidtyiiidess deteotor u noitomaed 
wiui file OBcnlla torp for the distanoebetweea the nodes in we eaqran* 
mentwifiiBiBrtdsapnamtudspeada mote raon thei 
dateetor film of the oaodlator. 

(t) ^uifrsliOM ^ ete Direct 

has diewn that euotxio waves era be ^ ‘ * 
aoondanee with the 
laws that apply to li ^t 
Herts used a motalho snr- 
ror of panbcho eien seo- 
tum with a nmplevilHrator 
fixed at us focal Ime as 
shown in Fig 476 The 
waves ongmatod at the 
vibrator ate reflected from 
the mmer in a direction 
penllal to the axis of the 
enss seotiott, miingabsam 

rec«ndoa»Minibr minor 
^ tl»g *«»l Iws and wall 

m«^ ipairum ptodn^ In tin %ilmtar fixed at tha fbona 
XBexhant refaction Hartxpaaaed the beam of 
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blbctbical osczllatioks akd waves 



Fig 478 shows diagiuinjDaafacalljj with- 
in the limits of the sketch, the range of 
the ether waves referred to 

307, Commercial Xethods fbr the 
Production and Detection of Elec- 
tromagnetic Waves. Wirdess Te- 
legraphy, — For the histoxj of the de- 
velopment of wirdess telegraphy from 
the initial eiqpenmental sta^ indicated 
above to its present position the student 
must refer to spemawed worlte on the 
subject 

One form of transnuttmg oixcuit is 
shown m Fig 479. The condenser 0 
and ^ark gap i!? axe m series with one 
wmding of the transformer T, the other 
winding of the tranafonner being jomed 
to a long vertical conductor A (known 
as the anten/na or aerial) and to earth 
The contact K and therefore the in- 
ductance in senes with the aenal is 
adjusted untd the aerial mzcmt and 
condenser cucnit axe srotonised, te 
until the period of osculation of the 
aenal cmnut is equal to that of the 
condenser circuit The "chaiging” is 
etEected from the seoondaiy of the 
tiansformer T,, the vfraoBXj of which 
is connected to an altotnatOT; this cir- 
cuit also includes an inductance It and 
a switch S|, the latter being used to 
produce the required “longs” and 
“riiiorts" of the Dlorse code At each 
osrillations occur in the con- 
denser circuit; these induce oscillating 
electromotivD forces and currents in the 
aerial circuity and the two being sjnto - 
Ihe aenal becomes a powerM 
Eouxceof radiation of dectnc waves At 
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■5 indi djamater sparkmg to tl» 

OTlindor 2 ^hbTim long^ 2 inohes diameter, flie we 

laiigfc\n&fliBOBoj]ator»alboai8nidifiB ^ 

]|» the detoctm of tlw wes, a mS^ 
trluaih me duooverad by Iiodra and nblisedl^BwMO^ 
llbm<mi,andolihat8ii^^ 

m]^ 477 Two InssB, copper, or adTBT dMMd,d,eaaii 

loldend to the end of 


rfj y 


a oqw wne «, am immtmm 
fittM into the glass 
tiibe gg, and a tluji ^ 

jaysr of fOings rests IVg ^ 

bfiMlj IwftiVBBIL - ,, 

discs StboB cobsEoru placed in tiheeneo^ 
and an Aliwtnn bell, the amtaeta made by the nhag a 
file mgijr be so adjusted fhat «he cone^ 
pn ymg not be strong esiOQi^ to ting tin bdL % 
n ff ysro r i ivayes fixini ikdiBteiit 'nfanstor fisU upon the 
cohesiSBr B ft g ‘ i3«« adjnsbneDt is insdiB^ file conLtB4sfc at cnce 
byftqaflff good Slid the bdl m the enoiut xnn X£ the 
cohfiEsriB dighfij tapped tin oontaot again &«» 
BRSingeiQeDit is lesdf to detect the i ncidupc e of file 

mifee In Ibtoonf s ooheser tin pings 4» d aw of adw, 
file fibngs axe a nuxtoxe of m ohal and silTCTf and the toibe 
u exhausted »-'»d In labotaior/ ifoAi a snitaUe 

gtivsnonieter maj take tiie place of tiie bdl abore 
Sven &oia the fsete sofiur inentiioiiedlihe tesder 
pcepezed for ^ atete^ient that ligM and dectecniaCTefio 
wms ate idenficBl exo^ as xemw irave leogtii and frs- 
qnenpji the lattsrooBSiSBng of dover Tibtateons andnuioh 
longer ‘mves tiisn those w^ht TIm Trave len|^ of the 
viiwh ipeefnm ttsoM from *481^ (riotet) to Tog (tad), 
arbere f&is tiie ^jnDabolfor onemkion or OOl imuimetre. 
Intiie idtea etdd traves lum been detected as short as 
*l/KposBesnxig properties dmiiar to ipaTeSs In the 
fi|^ fsd mm hsiTo for some time been knovn as long 
as 61 Some distance begrond the infra red come the 
dectranignetm inms dealt vifii abov8i tim dio^ 
abort 8 mm (SOOO/i), whilst those na^ m wndess tde- 
gnq^xange fim a tewhimdred fort tofm or fire mi^ 


864 XLSOTItICAI. OSOZLLAXXOH8 AKD WA7EB. 


passing I but owing to hystezesis the magnetised portion of 
the band is not opposite the poles, but is ^rolaoed m the 
direction of rotation. When an dectno oscmahon passes 

through 0, due to 
waves fiomthetnms- 
nutting station, hys- 
teresis IS wiped out 
and the mametised 
portions of iron 
bond are then (mpo- 
site the poles This 
Ghange m the posi- 
tion of the magnet- 
ised portions results 
m au induced current 
in the coil D and the 
telephone is affected. 
The aensl cmnut is 
of course tuned” to 
the amving waves 
Fe$8enden*8 {hemal 
ddeciar consists of a 
platinum wire in a vacuum tube When an oscillatoiy 
current passes through the wire its resistance is inoreasea, 
and this change in resistance is utilised, indirectljr, to 
operate a tdephone Other types are in use 
Bectifying detectors, one of which consists of a 
carborumum crystal between two brass plates, depend 
for their aehon on the jEact tiiat their conductivity is dif- 
ferent in different dneetions, so that an oscillatoxy current 
may be partially changed into a direct current by choking 
down the flow in one mrecbon These are now oxtensnoly 
used m practice, and Fig 481 shows the arrangement of 
a receiving mrcmt fitted with such a detector 

aerial circuit is adjusted to syntony with tlie arnv- 
ing waves The other coil of the transformer Tend tlio 
condenser Ci form on oscillatory circuit s^tomscd to iho 
aerial cucuit The detector D in senes with a second ron- 
denser 0^ is in parallel with Cj and the connections to the 
telephone t are as indicated. The waves arriving at tiio 
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(ifae leoemiig Btatioa fha iraTBS eofloanter a somlax aerial 
aod piodiue (iteiAne oaoilktioiu m ib. 

laphee at Hie nn^ apeik gap 8 a rotassr spark gap 
u ofim emjAqfad. A vkmcaxiymg a mnabairi project- 
ing afeodau xotatei betneea tnro fixed atnda coo- 
daw cinnub and amagementa are anch thab tihe fixed 



Bodnun^ atods come opporite eadh otlisr at the 
iriiea tbe eondenaer u fully dhaxgad, ie, juab irlien the 
apaikiaraqiiued 

The aa a detector has been replaced hy obhen 

awre stable for the purpose and knoim as nminwK* 
thermal, and zecfcifymg deteoton The pnnoaTrf 

ICnwnwtffiapiwfudctedor'wiUhegafiiecedtTomim 4S0 

Ibcanai^ ^annm ^ hand I urhnh passes owtwo 
pullaya P,P and u rotated l^cloclnrark Ihcnepartof 
^ joumay it paasea tlmraeh a ccnl 0 vhnsh 
dneofly or induMy copied to the aenal, s second cod 
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therefore inainta.med at a positive potential, the electrons 
are attracted towards it This movement of electrons 
from filament to plate constitutes an electnc current from 
plate to filament^ and the measuring instrument A will he 
deflected If the cell connections be reversed, however, 
the current stops. If an osmllatoxx current be used 
instead of the G, current will flow when the upper 
terminal is positive but not when the upper tenmnal 
becomes negative Thus we maj say that die lamp or 
valve possesses unilateral conductintf similar to the 
crystal dealt with above, and this mdicates its use as a 
detector Ifote particularly that tn order io gei a current 
through A the positive f ole of the latterg must be joined to 
the plate : this conent is referred to as the plate current 
The modmn valve _ 2^4 

used in “ wzrdess ” and 
known as the triode 
consists of a tungsten 
filamentandaplatewith 
a wire gzxd between 
them, the three bemg 
quite separate from each 
other Imagme that 
the plate and filament 
are joined to a battery 
(fiom SO to 100 volts 
m practice) as in Fig 
481a so that elections 
are passing from fila- 
ment to plate and there- . I i t I . - 

fore a mate current is " .is' 6 o ' ' 'io 
to 

I10» amt a gna leteaea ^ f 
aoqmres from some outside source a S 

ItmU rapel tie dectrons commg from the aiamentand 
Tm4^ )f them fiom reactang tlm Pj^te » heuro 
nlate cm^t Tnll decasase and so will the defirotion « 
SThSmmn (Rg 481a) H the wtenbal of the 
grid becomes positrre it will attract the e^trons an ( 




EXpXOSBXOAI^ <WOniI*Aa!IOH8 AHD tTATKBi 

Betul nb up ownlblsiins n it t*ioh inance oanllaHoM 
mtheooiiaflnser cacoint Thia tanfla to oanwCTin entBt o 
flmr to and &o fhToagli 2> into and out of 0,, rat owing 



to of 17 meationed alaom 

tioaoBfypuBeSfBothatCltf Tbiscbairgeinoiie 

dnooboop ctoe to the axmu of a tram of 
oBOiOatunUt u giToaoriitto theteikp^^ 
omniit ae a amgb luudicectionfll 0 ^^ 
flow ISasaj roch deteotora Trade better 
if thej bare a small onnent flofwmg 
tbrongh them, hence the inaertioa m 
tiie battery B Othmr typea of oxysfailB 
are m tue 

Yalves are now largely used m wmileBa 
An early type of Talvelmown as the diode 
IB ahoim m Yig 4Sla It oonsistB of 
a fihment lamp fitted tnth an eleo* 
trodeP hnown aa the plate or ’WhenthefilamiBnt 

IB in a mdeioent it emits (pspbt^ eleotr^t bo that if P 
iB joined to the positm pole of the cell as shown and 



Fig 4Bla 
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canjmg conductor " xs tiie surf^ along which the ends 
of the tubes move, and the distinction between a con- 
ductor and on insulator is that tiie former is a substance 
along the sur&ce of which the ends of the tubes can moTe, 
whilst the latter does not permit this IHxrther, energy 
18 really transferred yVom the medttm to the circmt, and 
Foynting has shown that the paths along which the 
eneigy passes into the circuit are the intersections of the 
electrostotio and magnetic equipotential suxfiMses 
Let A and B (Fig 482) m two insulated parallel plates 
forming a condenser A is chargedposiiavely to aumform 
sur&ce density c, and B negatively to a uniform surface 
density — v There is at present only eleotrostatic force 
between the plates, and Faraday tabes stretch &t>m plate 
to plate ; let be their number per umt 
area Nowlet^ andFbe 3 oined]^awir 8 
of hi^ resistance At once the Faraday 
tubes joining A and B move towards the 
wire, their mids meeting in the wire, and 
besides this drifting mere is a current 
down one plate and up the other Hence 
a magnetio field is created, tea fidd is 
creat^ due to the motion of Faraday 
tubes OQus fidd is perpendicular to ihe 
^ direction of the tubes and to t^ direction 



of their motion, is perpendicular to the 
plane of the paper 

Let t equ^ the current per umt length of A and B 
measured perpendicular to t^ paper !&en if JET is the 
magnetio ^d between A and B we haye Amp^'s 


Theorem 


S = 4sri 


t = ow 

= Da, - 
Jff = 4iirBv 

It IS obvious that if the dueotion of motion is inohned 
at an angle 0 to the length of the tubes, 

JET z=: 4irDs sm $ 
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PisabalugherpofieaiiBl m piaotaca) they coating 
nwboiL to tod plate, Unu the plaie cnnentTnll inoiem 
There are nuuij otiw important pomie about this which, 
howerer, casuoMit betreetea for the present we mecdj 

the student to see m a genessl aua dementaiy waj 
how Ihe md potential aSeots llie plate eiment 

Fig 4SLh tttUy shows tiie effect of timmd.po 
tlie plate current^ potentuds to the le^ ObawnegatiTa 

Thus when tlmgm has the nq[atiTepot^^ OBxb stops 
aS the dbetroiiu and the plate As^gM 

potential xises to sero the plate onxrent inareBses to the 
'valne OJLf and as the gnd potential beoomes more end 
more posifore the plate enrxent nses aoooErj^ 

Fig 481c diows the 
pmapte of one method of 
eonnecfang up a tnode as 
a simple ddnctor The 
hg^ tension batfceiy (as 
it 18 called) m Ihe plate 
and tdephone omnut is 
shown on the xigU and 
the (1 5 to 6 Tolt) filament 
hatfe^ 18 shown at the 
bottom of thefignie !Die 
gnd oaomt IS as indicated 
and the student must note 
thu caxeEiiIly. Theoaoil- 
latoiyFD between the grid and filament set up bj the 
amniffi warn esnses a correjpoadtnp (bict pmfer) eomtioft 
tn Ae AfBct cumnfjlMmm Wehoun plaie aiadfiUmmd and 
flr wyh tte felepKonee, thus the messages are xeoemd 
For lorther details the student dionM oonsolt the a 

Fmt Oomne in WirdoBB 

We m^BOwkSTathe ^^expennmital" and “ oammenul,” and 
pustotiie "'fheonfiml^aspeiiaoCeleoIxc^ 

808. llEegsetto Field dw to tim of Fanfiay 

Tn bWd*— The inferences, as nas been in prenons 

otopters, from the results of many enaernnents tmd goa- 
sidetations go to show that the seat of deotncsl effects is 
m the medium Theflowot anelectmeunent has been 
shown to be the motion of Ftoaday tubes, the “ ourrent- 
ilakdb. ^ 
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310. ▼oloci'fy of a Transverse Pnlso along a mov- 
ing Faraday Tube — Consider n Farailn} tube btrotch- 
ing botacon tao points P and Q It 1ms been eliown that 
tbo tubo bears a cousidemblo rcsemblanco to a strotebed 
sfnug 111 that, li 1ms tension in the direction of its length 
and possesses mass Supposo the end P to be moved in a 
direction perpendicular to tho tube, ns tho latter possesses 
mass, n finite time will ha required for the paris near Q 
to fnko up the novrcondilioim consequent upon tho trans- 
ror«>o motion of P. i e the Irausrorso distnrhinco mil bo 
propagated along the tube 'aith a definite vdocitj 
It 18 ^^cll known that the \cIocit} of prop^tion of a 
Imnsrerso wave along a stretched string 



Pull in tho string 
Mass 01 unit length oi string' 


but before wo can applj this formula to find tho rclocitj 
of a tnin8\crso displacement occurring in a Earadaj tube 
wo must remember that, as the Famda} tubo is bounded 
b} other tubes, tho problem is not oxactlj analogous to 
that of finding tho lolocitj of a transrorse wave in a 
stretched string 

Jn jlijrts 96 and 98 it is shown that tho tension (i e pull 

yp a 

per unit area) in tho Earoday tube system = while 

ow 



the transverse pressure (te 
forco per unit area) on a tube 

IB also 

o<r 

Now F = ^^, Uierefore 
tbo tension and lateral pres* 
snro aro each equal to 


per unit area at points where 
D IB the ntunber of Earafey tubes per unit area taken 
perpendicular to their length 

To find wlittt tho tension would bo if there were no side 
pressures, lot us imagine a portion of the tube placed m 
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800. Snssgy and HEass assooiaied vifh rairadaj 
!Pabefl.r--fimoeili6rexBaiiiBgD8lwfi^ A andP 

there u also nagnebo energy ebned between A and B 
Thifl energy (Azt 874) u giren by the expressum 

£== 

= per unit Tobime 

= ^ {4aepkIB]if per nmt Tolnme^ 

wbioh may be written aa t a tiie tubes may be 

supposed to dng up through the space between A and B 
someOungwlioBe mass per unit volnine is given by 

M = Anr/jy per umt volxune 

As an anslcgy we may consider the hydrodjzianueal 
cases of spheres and cybudera xnormg thwHi gh bn uids 
With a momg qphere is aasoeiat^ a Wume ofbquid 
equal to bait the voluxne of tbe roberei while wim a 
cinder numng perpendicnkr to its length is Mw omted 
a Yolnme of bqida eq[aal to the Toliime of the oyluidBr. 
TheretoTOp xegardmg these tabes as f^lmdets moniig 
through Ibe aeth e r in a dueobon perpendicular to their 
l eng ^ b p we can say that isthexoasaot theaeiberper 
unit Yolume oarned up by the D tabes passmg thzoudi 
umt area The mass of Ihe bound aafliBr per imit itmMi 
ofasmglebibeisthereEoxegirailiy 

ift ss 4rfiJ7 per umt IsngA 

Olearly. if tlm dneebon o£ mobon be at an 0 to 

theleagfliofthetiib^ •«* u w 



S Bs 8v/tlyf^ am* 0 per umt Tolmney 
Ifi = dwfiD sm* 0 per umt length of a tube 


^^e poll m a Esitaday tube is, by Art 98, equul to 
2vll/jr, so that fhej^ bears a ocmstant mbo to the 
pm ^ Israday tubes may, Iberefoxe, be is- 

gaided BA strings of Yanable tensum end mass 

^mut length, the rabo between pvdl and nttt^ per mtif. 
length being constant at all pmnts abmg iba iube^ 
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exprossiooB Cor the energy per unit volume of a strained medium 
and the enor^ per nnit volume of an eleotuo field In tiie 
first oasei if P be the Btiaa, s the sfmtn, and t the modidiu q/* 
efcufin^y, the energy of strain per unit volume of the medium is 
given by 

\P$ or or 

Now the energy mr unit volume of an eleotrio field is F^Kf^rr^ 
and F la Hence, combining tiiese two expressions, we may 

express the energy per unit volume os 

i/P<r or JJP’A or 5 S 
eu* A 

If now F be taken to represent the stress in the eleotnofield, snd 
O' to represent the strain, then the three expressions just ^vsn 
correspond exactly with the three similar ones given hmher up^d 
it will he seen that the eleotno elasticity is representea by 4r/ir 

Again, in the case of a mass m moving with a velocity a, tiie 
kinetic enermr is Amu* Now the eneigy per unit volume m a 
magnetio field is JET^Sir, and if we take the case of the field inside 
an endless uniformly wound coil of n turns per unit length oormng 
a oorrent /, the value of N'ls 49rn/, and the energy porunitvalums 
IS 23r{fl/)’Ai or i 4«>i(n/)’ Now nl is the rate ox dn^laoemenfe 
of eleotnoity round unit length of the coil and represents eleotnosl 
velooity m the same way as «r represents deotno strain or displace 
ment Honoe, oompanng 4 with the quantify 4tii 

evidently corresponds to m and measures the eleotno mass or 
inerba per unit volnroe That is, 4ir/i is the <deotno density of the 
mediom 

The velocity of eleotno waves m a medium for which iv/K is the 
eleotno elastioity, and 4^rft the eleotno density, is evidentiy given by 

«= VfT^or v = 

312 Eleetroxnagnelac Waves generated hy an Ob- 
dilator^ — ^We can now deal more eiactlj witii vares 
generated by the oscillators of Arts 805 and 806. 

484 {a) depicts tiie Faraday tubes of the oscillator 
When tiie oscillator begins to disoluuge the ends of the 
tubes more along the rods, thus constitutmg the electric 
current, and at the same time magnetic tubes appear as 
concentno circular curves with thoir centals on the rods os 
shown at 2f in Fig 484 (b) Owing to the “mass ” pro- 
perty of the Faro&y tubra previously dealt with, and the 



BIiSaCBIOJX OSOILLA.TION 8 JUtD VATE 8 


369 


«a eovdope (Fig 488) and a presraie equal to 

applied to tlie nrhole of the oontBined aether This 
the lateral preBsnres and xaakea the tensum 
ri ffng the tdbe equal to et pointa 'wheie there are D 


4irD 

tahea per mob axea^ Le the pull m a aii^le tube 

The 'velocity (e) o£ the traneverae diatoxhanoe u there- 
foiegiTenlty 

_ liuns^ 1 


The above foimdla for the vdooity of a tnmevarBe dia- 
plaoemeDta^ holds for the oaee ot a ttibo numsg at anj 
angled to its lengthy foor thoogh the bonnd mass per mat 
leog^of eoohatabeu 4iraD em* jet in a transTerse 
ctolaoe m an t a portion of the tube la xnomg at right 
axi^ to its lengthy aMtherefora the Ixiua^ 
for such a portion IB equal to ^srpJ) 

The next step ib to deterouae the value of If^TflS for 
aome medinnit say air This has been doim by the methods 
ouflined m Chapter XXI , and « has been found to be 
8 X 10^ em per second, the veboity of b^, thus &e 
dittorteim along Iho Faraiag hibo ewft the esbotty 
qfh^ ^ 


Twenty years after Mucwett bad unbbsiied hu views as to the 
veloQity o{uopii|ntH» of tleotnosl oistnrliaiiees oame fbn mm* 
menfa el Httts wmeh oonifanned Us dedsobons Tbs sameiioe of 
stetes dm to ihs trsioBvetss vibiatioiis of the ends of tbt tabes 

attsohed to the QBQdkIw u mmsgsted vnth the vdooity V dedmed 
aboTS Herts exMmentslk detetim^ veiloaity of nnmsgs. 
tumendfoniidittobeax w*ein.perseooiid 


811 SlmtnoSlastidtjandBMuatyQftiie Aethsv.---An 

altemstivs investigatiQD of the value of v may be even The 
Tslooify of wav e te sMaMmdn m ax^ nedinni is expnsMd by the 
relsbon v » when e is the modidiia of dsshdtv for the 
mediiim end d the density. 

In ordsr to find the valnea of s end if, whicb dstsnnine the 
velocity of ta maim a m on of cleobno wavea ve may oompaie the 



372 


ELCC7BICAL 08CILLATI0^8 AKO TPAT£S 


also J8 the magne^e force due to the motion, the magnetie 
force being, as already mentioned, at right angles the 
directzozz of the electnc sbum and the motion. 

Instead of saying that the loops tmrel outwards, it 
TTould be more exact to say that a loop "dies” at one 
place and is "re-created” at 
another Each tube shrinks, in 
so doing ereating magnetic tnbes, 
the rise and fall or whudz re- 
create loops of decbic stram, and 
so (m, hence the effect is eqmTa- 
lent to a progression trough 
space of tin) sets of stiam, decto 
and magnetic, which constitnte 
tile elec^magnetic ymre 
In the ^se of wireless telegraphy, since the lower end 
of the radiating aenal is eartibed, the loops fake the form 
shown in Eig 485. 



Consider now the two loops of 485 (a) in which XT 
is normal to the oscillator at its mid-point At points 
snch as P the magnetic force and the el^tnc displacement 
or stram hare their greatest ralues, at Q they are zm, at 
22 they are again greatest but m the opposite direction to 
P, at S they ate agam zero and so on Bemembermg that 
the magnetae force is at light angles to the electnc force 
and the motion, Fig 485 (5) shows how the three Yictors 
are related and depots graphically the electromagnetic 
wave 

A brief ezplanafioti of the production of stationaij waves 
by of a metallic reneotor referred to in Hertz's 

experiments may now be giveiL Considenng the parts of 
the loops in the equatorial plane of the oscallator the tubes 
at A, Bf and 0 (Fjg 4§Sc) are positions of great^ 
dectrio displacement S being in the opposite dne^on to 
A and C When C meets the reflector a tube J) witli 
leversed displacement sets ofE in the mposite duecfaom 
At the reflector 0 and JD caned each other and a * node 
is formed there If 2 he the penod rf 
in time e/4 seconds JD will have moved hack to Z, a disto w 
of a quarter wave length andP wiD havemoved forwaxdto 
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481 

13iexieit"BDzgiiig** 

tnH giw n«e to anolilifir «eft (tf c&ed locM 

and fio on IbxstInB deiadniientd lo^ wU eawiiaMn 
wflct^ ia3i ftfaon » ISia loc^ tisvdls&g onhraids “wifli ' fe 
^ociiy 1/^^" B will be noted that tiie direc^on of 
the eiectne itmn u opponte in tnooesnve loc^i so 
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have determined the velocity oE propagation of the wares almig 
wires and have fonnd it to equal that of light Iieoher’s arrange- 
ment u shown m Fig 486 The two metal plates AB are fixed 

opposite and ponollel to the 
plates of the oscillator, the 
paiaM wires OX and D7 
Bie amiDged as indicated 
‘When the oscillator is m 
action stationaiy osoiUa 
tionaarasetnpm the wires, 
the ends of the wires bemg 
points of greatest venation 
Fjg 486 of potenwL Xhe nodes 

and antinodes are found hy 
plaoing a neon tube (a ''raouura ” tube containum neon) aoross the 
wires it glows at the antinodes^ but does not so at the nodes 
In this way the wave length is fonnd, and knowing the frequeniy 
the velooily u determined XE a metalho oonneotion BF be pat 
aoross the wires Che ranatiODS at XT are gteatost when SF is 
at a node 



Blondlot used two oylindnoal oondensexs, the inner ooatmgs 
being tmfoil oonneoted to the spark gap S (Fig 487), the outer 

tin^^F and OD The uppw nngs A 
and 0 are joined direct to the spark gim 
Sit whilst B is jomed to one side of Si 
and D to 1^ other side hy wires each 
1821 4 metres long The rings are also 
joined by damp threads indicated by the 
dotted lines when a spark passes at F, 

A and (7»ffmtsdtatefydiBchaige hyaspark 
at Fi, and later B and J> disoham at A, 
the inttfval between the quarks at 
being the time taken for the electro- 
magnetio wave to travel along 1821 4 
metres of wire This time interval is 
found by noting the distance between the 
images of the sparks upon aphotographio 
plate prodneed by a rotatmn mirror 
Blondlot's result was2 98 x 10“ cm per 
second . 

p^eming’s eyolometer is an instrumenc 

Mtmg of the oondenaer M W to one end rf the « 
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Zthioi^ adwtaniM <rf aqiartertraTBlon^ iu»4« 

deotae cj^heements an m tin saon direcboa DwAB 
hdp eadbi other at 
X and an "anb- Xf 
node” u foniiiBd 
then (JBig 485d) 

In anoflm qpua- 
tarpenodil moves ( 
forward a qnarter 
wan length to 7, 
and JD xDOTaa baidr 
la 

wan Jei^ to 7 
and as 3 and A 
hareopponteeleo' 
tne diaplaioemiBata a “node” is formed than and so on 
The duitanee between two conaeGntm nodes (or antinodea) 
is half a wave length {yjS) hence hnowug the freqaenqy 
(n) the vdcaty u foo^ VIZ v = uy 



ToOnillator 

485(a) and (b) 


Refleoitop 



(e) 486(e) uid(d). 


818 Sediav'e WtXM, Blondlot'a SxpnlBwntt nem* 
teg's Cfiaometsr^Lodge, Hecte, SuBao, Leaher, and othea 
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jnsido Uio trou^ and mo\od about av bcfoio until tho distanco 
betiYcon two nodes is again found Thus 7^ the waro Icnglli in the 
li^id corresponding to 71, tlio va\e longlh in atr is found 
Nourjf K| 3= volooiLy of cleotno wa>08 in air and their volooity 

in tho liquid tlion VjV^ measures tlio index of rofmotion p But 
cap nyi and Vt » ny* so that p « 71/7, Again on ilio oloolro 
magnotio Uicory the dielcatno constant it is equal to p\ (See next 
section ) Hcnco — 

thus K 18 dotcrminod 

314. Hho Eleotromagnotzo Thoozjr of IViglit. Tho 
Bolation Between the Index of Bo&aotion and 
Specific Inductive Capacity. Fresnol and UaoCnl* 
lagh'a Vibrations. — TJic fnctb ali(uidj doalt \rith in tins 
chapter Buppoittlio theory put forwara by Haxu oil that 
light waves ore clcctroinngnciic In addition to the 
identity of velocity and various laws, both aro propagated 
through a vacuum and both tliercforo require an “ noihor , 
tho electrical” aotlior and the optical” aeilier are 
identical 

Again, if 0 , and are tho volooitios of oloclric uavos lu 
two media, tlion 



Now for all transparent media /£, and are pnustically 
equal and vjv^ = p, tlio index of refraction from the fust 
medium into the second Hence for Imusparent media 
wo have 



If tho first medium is air, for which K^ssl, then 

That is, Cio specific inductive caimcity of any medium 
(relative to air as unity) is equal to tho square ol tho index 
of refraction of that medium Tlio index of reft action hero 
involved is ilic index of refraction for oleef no waves of long 
wave lon^h. If *ivo take tho optical index of rofracfion, 
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fh6 oomiMtaoD K, the Utter, of eoncM, moving along: ^ 
ai the enter ooati^ none along the vdeamto lyliwte 
“oaputl^” and ‘‘adnotaiiea” oan tiunefm be vened by «>» 



didmg dsviee^ wfaioli u opmatod by Uie bandle If thm 
mmiiaMM ooonr m a wifjbmfmaft ekxcmtg nwillatuniB villbe Mt 
up m the oymoineter, and the eCfoot tnU be a marimnm bndieated 
I 7 aseon nibe attedied to the oondenfler ooatixig 4 vhen foe penod 
of the oymooiflter Srj^/2«9aa idenboal mfh that of the oeedlatkni 
The mantas u adyoited for ihu manmnsn effisofe and tiie freqnenoy 
eoknuied from the nosition of the dider pomter on the sew and 
the known oomtwtfc A the UHtenmeDt 


The oymometar nugr be need for tibe dfitormmafaon of oapsoilyv 
qpeofio ndnobve eepeeitgrg and mdnatance by oaallntiaps, Xhne 
unagme a faioionindiutenoe andan unknown oanioriy m aenee wita 
a qpatk gap OmUatMiiis ean be art up in the mramt «id tfa» 
fraqaaniy nneaentedbytheayniomater Bueen-Bl/STg/Zidaiid 
Laiidnanknowiit (Xiadetaramied 
Brnda made naejoE t^ irorea akmg a paw of puallel witea to 
' ■' - - . uf andthejpnii- 


detennine the apeoifio mdnottre et^aeity 
eipfo of the method wiU be imdeiamd fnm Vig "^4^ 
wmbndae JffFtobeatanode andaaeoond wue* 


tiie next node ^ 

G^IT zeaohea taia poeil 
IB ^ ao that the wave . 
’ tile lu|md la now 


Snppoaethe 
to 

^ position of 

[a Toonnm tabe aonea the wires w^utdieate when 
The distance between the two bndgee 
7i m air is fofnnd* A trong^ oon- 


tainmg the lu|ind la now lud over the wires (the latter pM««g 
throng hotel in the endi} tmtd the near osd of tiie trongh orumpifta 
the pontun of ^JST A thud bridge la now plaoed aoma thewiras 
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SET A — Oawa^e theorem the total normal mdnetion {deetrte 
or maf^elic] over a doeed ew/ace dtaim in o Jieid (deetne or ntoff 
ne^ic) » iv tifftes the toUd charge ideetrtc or magnehc) msidt 
(Arts 37b, 89). 

Oonsidcr now the iitUo 
parollelepij^ drawn in 
tho field (fig iSSn}, its 
Bides bung poralld to tiio 
three oo<ranato axes a;, 
PfS. Let Pi? as da?, /’Q an 
(&, UF n dy Lot £ tlie 
eleotno intenBity at P bo 
resolved into rootongnlor 
componontH ^ JSr^ £„ 
poroilol to the axes x, y^z 
respeotivoly 
Now tho intensity at P 
in the x direotion is Es 
and at E it is 

E^ + ^dx,tmM* 
dx dx 

denotes tho rate of change in this direction and da; is the distanoo 
The area of each of tlie fooes PQTU and is dy dz. Ilcnoo 
if A be the dieleotno constant — 

Komial Indoobon over PQTU » KExdy ds 
Normal Zhduotion over SSVW a# K ^ 

and Binoo the first is inwards and tho second ontwards, tho total 
normal indnotion for these tivo faces la 

^^Sg + ^dxjdy dt- KEtdu.dz = K^ds dy du 

Sumlnrly it can lie ahown that the normal induction for tho tiro 
faces and ircrirf''u dy cfi, and for tho remaining 

two faces PUWR and QT 78 it u J^^dx dy dz AddingUicso 

we get the total normal indnotion for whole closed snrfncci i a 

Total Normal Induction « K ^ 

Again, if p ho the \olniiio density of the charge tho total chaigo 
insM&is/sto.dy df. Hcncobj Gansds theorem — 

^ “ dTpdr dy dz. 


[•f'.^fdv^dy ds 


dh. 


. dEg , ^ 

^ ^ ^ da 


irp 

TT 
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however, we ohtam the following, iti the lest two cases 
the disetepansgr is very narked 


Air 

Bjdrogen 

Benzol 

Pu rn.flrn 

Betiolaomod 
Carbon bunlpliide 


K 


1000590 

1000588 

100026A 

1000S76 

SSI 

SSO 

SS9 

SOS 

S07 

S07 

S67 

S67 

10 IS 

892 

80-90 

178 

nearer whenp 

IS meaented for 


'Water 


waw MHOiTWW SMgaaw iw — v fa m imam mu wau aaaivw 

deetncal vibiatums In the ease of water recent ezpen- 
menis with eileotne waves give = 81, whnh is in agiee- 
nent 

In the case of polansed li^ Bresnel's theoiy is that 
the vihratums are penendunuar to the ^kne of polatisa- 
tum, and hboOnllB^w themj is tbftt toe vibiabonB axe 
in the plane <rf pcwmsatrai We have seen that in an 
eleotromagnetio wave we have both deetiio and ma gnafan 
foioea at ^ht ainles Theoiy ahowa ilie wia gmufaft qi. 
temafy u in the ntiae of polansatuni, the wlanfaift 
rify bemg petpencheolar to that plane Ihese am both 
inbratmg qna nt rf i ea, so that the former oonespoiidB to 
MacOnlh^'s and tto latter to Preanel’B vibration 

G3ie energy is of eonrse pertly deetno and par% nag- 
netio; the fotmer at any p^ ia ^riyfK and the 
/•JBP/8* per nut volmns Bnt pJEPjQr as a (4rI)e)V8ir sa 
fvJ^ = = arD*^ Oaie energy ia there- 

Cm Jiatt deetnc and hatt 

Further defeada are dealt \n£h m Chapin XXT. 

ha the notioiu to ihecny of totnmagiito iraffea 

haafaeca dwlt tnfh mamly ficom to jpomt oT ywlTa toaday 
tnhei * ire nnuiaoir pus to a amra p m ri^ mafluHwihf iffli treatuenC 

Site. fi«nalaoou of a Ei^ of Blaoteio aad SCmoho 
Foma xeftaxoA to Beotaa g n l aa ? Oowocduiatea— The Ibnr 
Ufa of egnutOMpf to elaotroBiagoeUe field ahons to ha 
foDoir direot^ from importsat lam deidt mth m ptmoos chapterse 
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be sinulariy dealt with hy taking litUe areas parallel to aez and ^ , 
lienee we haTB onr second set of equations — 


cfg, ^ dfl; 
dy dz 


«4r/. 


dSx _ tfffi 
dz dx 


= 43r/, I 


dB^ 

dx 



(2) 


SET 0 —In Art 239 it is prored that the induced JB>Af F ts 
emud to the rate of dianffe qf the numher ^ and tuAee of induction 
threading a oreuifi i e that e ss - dFIdt Now consider ogam 
Fig 488o The induction through the area is fiEjdydz where g, is 

the permeahihty, so that e a -« dFIdt » - g^^Sdy dz Farther, 

dt 


E^ IS theintensity (eleotno) along UPf and therefore + ^^dz is 

as 


the intensify along TQ Similarly St is the intensity along VTnnd 
St + ^^y the lalne along PQ Now intensity is defined as 


aomenoally equal to Ae force on unit quantity, so that intensi^ 
mnltiphed ny wtanoe will jnre the work in moving unit qnanti^, 
t e it will measore the E MF , thus for the E M F round PUTQ 
weha\e — 


Sydy - Sfb - dy+(Et + dz. 


te 



^)dlf dz. 


dS 

and equating this to - g^^dyde obtained above we get — 
dSg ^ dSg ^ 

Hy dz ^ dt 

Dealing similarly with a hUk area parallel to the plane ay and 
another mndlel to we obtain similar expressions and oompleto 
onr thud set of equations, viz. — 
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% ft luoilw treatuBDi^ if J? bs BBgDAtle ?, and 

JJgi ir« At fhxee xe^ftognlu eoiap(^ 
eW.. dR . 


H 8 aod 8 ate aeto fto ftxmu 

Odueotmg, Vft gob oar ficn Mt 




oatbekfba^m 

cqaitaRr- 

OlfpUMO 




fiESI B-4& Art 178 lb u dunm 
tlwb fte voril done m eorrirnv A wnt 

pob nmut a aamf » te fmes ffte 

timgiktfikiGmttU TXmrvmkt 

c^aadpfi^ lefeJIltbefbe^^^ 
pomettb m thft ff dmrtnn of the 
onsseub dranto n toat the totol 
onExeiittorang|hPQlZ'f7]n ihu dace- 
tuniij^ib iffi^betoftdeld 
mtaonl^ ahvg (TP, the nine along 

7Q via beJB^4^ &{^fthon}; 


lOifSiaaeeo 


loane^xsio 


W 


/* 


#* 


Kg4S8h 


mnlaK^, )f he the nine ftloQg the nine el^ 
Hmr- 

Wodid^ OR nmt pole going ftliiqg PIT « Sgdy 
Work done OR nidtpotogcnnga]fln|g(^» -1^ 
WnfcdoneoRnmtpQkgonigaloivT^ s + 

Wok dou on nmt pole going along QP ■ ^%+^dp^dh 
SMal vndi done on nnit pole n going xonnd the path 

m 4* di 

Bqjutuq; tiitt to tniQ the enixen^ m 
The onnent eonq^niente and 7,10 tin puid c 
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TO lidding and Bubtrnctiug d Etjdx^ on tho nglit hand sido 
Hcnco 


di d:r r/y rfr* rf^\ dz dy dz ) 

But from fho first OQualion of Set 1 tho last term in 
brackets le rcrOi hence — 


d^E, , iPEr 
djr* ^ 



^ Kfi 


tr-E, 


Cflciirlj then Eg Bafinncs tho diffcroutial equation — 
d^O . iFO , fPO ^ 1 {TO 


\r]iich^ in works on higlicr mntliomalics, is shown to be a 
ycncrai equation of wave motion t the teloeiiy beiny e In this 
COSO c IS ovidontl} l/^/Kft In tho ahoic wo started with 
tho first equation of Set 4, but Bimilnrlj all tho other com- 
ponents of electric and magnetic forco can bo shown to 
satisfy tho samo equation trims eloctroxnagnotic 
actions aro pro pagated throngh tho aether with 
▼olooity which is, for example, equal to the 

ratio of the eicctrostatio to the electromagnetic unit 
charge, and which has been found equal to the 
velocity of light by various experiments. Tiie follow* 
ing simple case will fix idais« lend dofimteness to them, 
and bring out again the facts already prored m dealing 
with electromagnetic waves from tho conception of Faraday 
tubes (Arts 808-812). 


314c. A Simpler Case of Wave ICotion — Tbo 
facts dealt with in preceding pages will be emphasised Ij 
the consideration of a plane wave, tea wave m which 
tho intensity is the same over the whole plane at any 
instant Wo will take the plane yz os fho plane of the 
wave (file latter to travel to tlio right m the s direction) 
nence, since the differential coeiBcieut of a constant is 
zero, tlio differential cocflicients with respect to y and s are 
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BEX D-4hArt 88itii>diowAtl»t(Ae|wfarui^ 
molt fU ai^ pmnl m a metfntm m mmmd ly (Ae cbnaiQf /i on a 
oomtiicCiTv wnfj^ finogd at ikat point and op (Ae numo^ JD <f 
JPimiwfciptu^perfimtam Nov Aloxvell’iaoealba 

'^dupmmmratimneDt^uiaeasQt^ of lAiasagp of the 

dMnind p6lMinitia& oar duphoemfint m qnnbob / » 

FmlbK, D u tqadin KEfir (iurt 88),m 1h^ Sw 

applying Ubm to onr / Mid JS oo m ponent * Tra gat — 

T ^KdB, r.JC^ 

* Car* ^' Ca* ' * Cat' 


■ad labtitiitmg ihne Tafam in ( 
(% «tg, . 


in e«t onr fourth ant of 




‘•S' 

dSjc dHg V' 

■S'" ^ 

«e ^ « 


814ib Vwn ]SOtion---Q!afaiuc the fiieb equaihaa in 
Sebd^m — 

"S” "m ' 

ve get on diSereatisbiig — 

^ 5 /dH»^ i fdlT^ 

^-^(irj-srl'sr; 


«eget'— 

dt dy\p\ Ik^ dyj) rfijjiV. 

dn»dp TBIF j 

ie = + ^ + 

aP Hr fflp 


urjorj 


U AM>£ 


50 
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Prom (c) and by differentiatmg (c) inth respect to 
as, and (d) with respect to f we get — 

/.S=S.«aiS =«5 

axdt iar dP dxdi 


... (e) 


d»Jg, _ _1 ^ 

de Kfi dD? 

Again fiom (c) and (d) by difleientiatmg (c) with 
respect to t, and (d) with leapect to z wo get — 


dt‘ dz dt dxdt da? 
dP' 


KfTdsP 

Beznembenng that the electrical intensitj is m the z 
direction^ viz E„ and the magnetic mtensity m the y 
direotioni viz 'ne will ihioughout the remomder of this 
section wiite, for sunplioity, E for E^, and J&for so lhat 
equations (e) and (/) become — 

<pjB_ 1 f. 

• • • W 

ffE_ 1 ePJT 
" 5 ? “ KiTd^ 

Now these are the equations to plane waves parallel to 
0»i the velooitj c being l/V'jS/i (See Art 8146) The 
general solution to the first one is — 

N =z a (jS — < fit) + ^ ft® 4* ct) 

where a and are any functions and c = l/VKii Farther 
— ct) denotes a wave motion m the direction Ox and 
P(x + ct) one m the dnection zO We will first consider 
the former in the dnection Ox and will take fho case of E 
(reallyi of course, E,) vaiying harmomcally Let 


Es^Ef^ Bin ^ — ot) 

so that when t = 0 we have — 


(«) 


(») 


• ■ • 
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This 18 lepresented by the cmve JZ* in Fig 488c The 
student will note that Fig 488c is identical with Fig 485t 
which we deduced fiom the idea of Faiodaj tubes In- 
cidentally, it 18 a matter of simple mathematics to show that 
the relation bet\^en the maximum values jE^ and JTq ib 
that VjOfo 


314d. Seflectiozi and tiie Production of Stationaiy 
OsciUationB, — Consider now a plane wave sudb as the 
piecedmg travelling, howevei, from right to left, x e in the 
direction stO towaids the plane y z Fiom the preceding 
its E equation is evidently — 

S = S,am^(z + a) .. (g) 

and the corresponding ezpiession for H obtained as m- 
dicated above is in this case ~ 


J5r=FcBm^(» + cO 0) 


Imagino now that the plane y e is a metal sheet coH' 
shtntmg a perfect conductor and in which therefore the 
electno intensity must be zero The dectnc intensity at 
the i^eet, due to the incident ware traTeUing from right to 
left IS obtained by pnttmg xssO m (g), le it is given 
by — 

2iret 
I 


E — Ef Bin > 


and therefore for the intensity to be zero an equal and 
opposite intensity must he set up m the sheet, t e on 
intensity given by — 


E=- 



ISTow this gives rise to a reflected wave travollmg back 
from Wt to right, and given by the equation — 

E = E„ sin ~{g — et) . (0 

for this latter evidently becomes at the sheet (» s= 0) 



nmiBiou osoxuiTioKS jjn> vatsb 


TSieeaiTejBml^ 4B80iimtes6itf8ihu Xhemaxiinam 
falne of J? is ^ Enrtlier,ifcbeiiuaDea 8 edtij 8 iaamo^ 
Ixreget — 

JS 3= sm j (c + 1} a ^ sm ^ » -I- 2«r^ 

and &e cum thateCom begins to zepeai benoe I is the 
wrs loigfii And u repmented bj the distonoe OS m Ihg 
4680 AtPtSss Viand sabsbtnimg tioB iiL(n)TPS «t 
JSss J^(m m Fig iB 8 c) jM Q^xsslfi Eib 
zero At a = 8 Ve and a ss ^ (nz JZr ui Fi^. 
4 B 8 c) and so on 

An ffiqmsion fof S (tsaUjof eonzse oonesponding 
to the eaq^xessioii (m) tor F, tue .-s. 

SszB^fssa ^(» — cQ 

18 reedilf obtained from the xdatiaiL already estaUished 
m (e}abDTe^Tui Onirorhiiigoattlmaiinple 

di&tenfution and mtegiatum m get — 

^=-^«»j(«-eO («) 
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ohtamecl from («} bj simplo dilTercntiation and lutogmtion 
as indicated in (be preceding Fccfion and is found (o bo — 

= — JTj, sm ~ (* — cl) 

Consider now tbo rcsuKanl IT due to both the incident « 
and roOcctod \^aTOs Eridontlj — 

II S= SID y (* + cO — Sin y (a- — ei) 

=1 211 ^ cos y X BID y c/ 

= j? sin y ct 

wlicre ns before /} = amplitude = 211^ cos > t 

Tho variation in P is graplucallj F^resented m Fig 
438e At the reflecting sheet x = 0 ana /? is a maximum, 
TJ7 2JT^ At n, X = 7/4 and fiszO At h^aissJII and P 
IS again a maximum At c, x = 37/4 and P^O and so on 
Tho student should note carefullj the difTerence between 
Uie two cases Fig 43Sd and Fig 488e nhere E has its 
greatest vanniion ff has its least, and where E has its 
least H has its greatest 


8X4e Waves along Wires— TTicw can be dealt uith bj 
methods somea hat similnr to those of the preceding seouons With- 
out going into the maUicmatical details, tho solution corre&jraxiduig 
to a stationary xn\e m the cose ol iia\cs along paxalln wires 
(perfect M^uctocs] ma^ be approtimateb stated as — 

r = P cos ^ X G08 

i « 

^ 0-. o- 

J = Qan:jxnn-^et 


rdcnotjnB*‘potenUnl"«wi /"current" 

Now in tho case of uires "free” jt toth ends it is otidMt / 
must = 0 when xssO and when xss L where Ln the length oi the 
wires The equation above for I satisfies the first condifaoo, * a 
1=0 when * e 0 Clearlj it will satisfy the second condition if 

fs 22 /forif/ = 2 Londaf = /;itfollouBaint6ia ^ « 0 and 
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^ W 

Xigi 488el,488t 


Oonsider xiov lihe nsnltaiit J5 dne to bolih tho inoideai 
and nfieoted mTOS Evidoitlj — 

JBsEiUn y(fli + «t) + (e-cQ 

eoByCt 

ssacoB y ei 


vhush repnaents a steady oscillation of amplitude a where 
aa2E^8m^f 

The -nunalaon m a is gtaphicallj xmiesented m Fig 
488d At the teSeetmg aumoe and a=s(7 At 
a,e=s7/4aiidauaittBxinnim,Tiz SS, Ath,a=^and 
as»0 Ai d, xss I and a =: 0 and so on The stndent 
shonld note that thu Fie 4B8d is identical mQi Fig 485a 
deduced from the new m Faraday tuba 

Tunungnow to the qneatum of S‘ fliB S equabon for 
the incident ray (ns equation r) is — 


JET = flj am y (a + e0 


the reflected ray, t a coneaponding to eqnabon (a) is 


890 


ELKCTaiCAIf OSCXr.T.ATZO^S AKD WAVES 


Section B 

^ distJmwe of a oonrlcnscr » )n ccncni] 060 i}1a* 

torj - And cicsorilw one method by vhioh Uio period of tlie oscillations 

(BE Hons) 

(2) now has It been ebown oxpcnmcntalh that the current in 
discharging a condenser may be altcmoUng in oharaotor » Explain 
enortly howr this foot has been utilised for tclegmphing throng 
Bpacowitliout wires (BE Hom) 


Bftngo of Aetbor Waves 

The following (able will be interesting tbo X nys and Ganinia 
ni>8 are dealt with in the next eimptor 


Wave 

Approrimato Pjicqncncics (per 
cccona) 

Gamma ra^B 

Hundreds of thousands of nnlbons 


& 

OQ 


Xr&ys 
'Ultra violet 
fViolot 
Indigo 
Blue 
Green 
Yollour 


iBcd 
loiraicd 


Laboratoiy deotno wares 

I 

Short \nrclc«a wares 
Broadcasting band 
Long unielcss wares 


of mxIhoDs 

i 


800 zniUions of xnflhons 


400 sulhons of mxlhons 


80 thousand sulhons 

i 

3.000,000 

1,000,000-000,000 

170,000 

T 4* 

Xiongcr TTivea from an attom&tor ui an ultcroating currant 
poTrer station 





BLfiOtBXOAL OBCILUTtOKS AKD WA.TBB 


ImO Cleailj alio it will BBtofy tiie BBOond oondihon if ^ ^ 

ImlL, etc InniB m tins eate tbe pomble wnT« Inigtiui of m 
BtatioDBiywBTeiare?»2i^ ^ TOo genoial pnauk for 

tins IB in fiiiQt that I u €(||nal to iL/lTwIiBn JBT m bq int^gor 


FREE 



Vig W* ^ 



The vanainm of V and / for the oaaeB where I ^2L and f » X 
(i b; the fundamental” and the “firafe hannomo ”) are sniphuallT 
aboaninlP^ 48^ 

The ease of the antenna mnd m WireleBs Xelegni|^ may he 
dealteithsomeehataiimlaxly ISistopend hemg fruisaxegum 
of maximum Tanatum for Faad the bottom end bong earthed la a 
node for V The first two posnUe oaaes are tiiown in Fig 48^ 
The student tiionld work tins and other eaaoB out for lunueB 
Of oonrae^ m praiAioep wirea ate not ^'perfeot eonduetora” and 
the eapaoity and mduotaaoe of wires becsome mq^mtant when hi|^ 
frequmm eurrents are being dealt with time there are several 
faetoravnueh render the more exact mathematus of waves akng 
wires very oomi^oated 


SmoUieB anCTT, 

Seoilm A. 

(1) DeveU^ e x p r e m eni Ibr the fraqnen^ of the osoiUatumsof a 
diisliargmg eondenser 

fiS) WniaaahoEtenay on '*Virireleaa Telegtapl^.” 

(8) Ex]^u anyfaeta yon aroBoqnamtedwiUi which aunport the 

Eleotaonii^etio Theory of 
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( 3 ) Most of Uio glow on the kathode moTea from its another 
dark space appears between this and the kathodoi known os the 
OrooleB darl ^paee {Fig 4S9] 

(4) At lower presaores the Crookes dork space extends until it 
prootioally fills the tube and the gloss becomes phosphocesoen^ the 

colonr being yellowi^ green for 
soda gloss It 18 m ^is condition 
that the tube u emitting aether 
pulses called Z rajSi and it wdl 
be seen presenth that these are 
due to the bombartoent of the 
walls, eto , by negatively ohoxged 
portides pneeedtnff jrom (he 
laihode, am known as Icathode 
rays 

( 6 ) At stdl lower pressures the 
current diminishes, and at suffi 
oiently h^h vacuum no current 
will pass 


4 ., ,z 


The 

must be seen to be fully 
reabsed , Fig 490 fDe Ia 
B ue and Uiifler) wiQ, bow- 
erer, further assist the read- 
er m grasping details 


.V. ^ 


316. ZAihode 
The kathode mjs were dis- 
covered by Hucj^ in 1859, 
and the masn properties rnar 
be briefly summarised as fd- 
lows — 


(1) The rays are shot out 
normally from the kathode, 
their direction being in no 
way connected with posi- 

Fig 490 tion of the anode 

(2) They travel in strafeht 

lines and cast shadows of objects phum in their 
in Crookes’s experiment a hinged Msitese cross is ph 
opposite the kathode (Fig 491) and a ^dow app ^JSi^ 
shown, on the end of the tube If the cross be lowereu 




CHAPTER XXm. 


m& PASSA.GtE OP EUBOmOirr THBOmS A 
OAS 

SIB. XliBolifla^ at Low PMsnra^inie pbenomana 
of the deotno duwhaiise thro^ gases at atSaiaj pies* 
son lutve heea dealt inih m uhaper IX Connoer now 
ilie gas to he m a comeiiient tahe provided W1& an 
eleoaode at eacA end, and, further, let tiie etectnidee be 
eonneeted to flie eecondaij of an :^iietian coil end the 
tnbe to a ptSi^, so that the tnbe nay be g^radnsUy 
exbansted TQis foUomig smunarises wmm losnlte ns 


(1) At mamt fnily lor, say ot the aider of a eentamelra of 
mernny, the duonstge u a InminoaB oolmiin etrehihiBK from the 
anode unnat to fhekaUnde, it u knows ea the jNmitieeoItimii 
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(6) The rajB ioiueo ’’ a gas and make it a conductor 

Goldstein (1876) r^arded kathode rajs as \raYes in the 
aether, a Tie\Y long iwheld in G^rmanj, but in England 
Yarlej (1871) and Crookes (1876) contended that they 
were charged particles Becent work has confirmed the 
latter view, the rays consist of negatirdy charged particles 
of mass about 1/2000 that of a hydrogen atom moni^ 
with a Telocity about 1/10 that of hght and canymg a 
charge equal to the smwest quantily or “ atom of elec- 
tricity ** (4 65 X 10“*^ 6 B units) They are called " cor- 
puscles ” by J J Qliomson and “ electrons ” by Johnstone 
Stoney farther, they are probably not ** matter” as 
ordmanlj understood but simply '^efectncity” (Art 838) 

The fact that the kathode rays are negatirely choiged 
was proTed by J J Thomson as follows The apparatus 
(Fig 49^ consists of a Tacuum tube pronded with two 
bulbs C IS the kathode, andlsome of we rays leanng it 



pass throng the sht S m a brass plug A, which is used 
as the an^e, and strike the opposite wall of the larger 
bulb, giTmg a phosj^oresosnt pat<dL Attached to this 
bulb IS a Bide tube containing an earthed cyhnder Jlf, and 
within ihai but car^y insulated from it, another s^ 
OThnder connected by a wire passmg through the end of 
ihe tube to an electroscope or electrometer 
The cylinders are out of the direct line of fire, and when 
the rays are nnderiated the electrometer shows no inmease 

of charge A magnet is now brought up to the bdb mu 

the rajs aw deviated nntil-as shoTO Jy thar pJ^o^pho- 
nsceace—tbey^ pass throiigh the sht of Jf into the insulated 



ratatum u pndnoed Big 401 

in tr hff cftM o£ ih6 

idieel fitted 'nth veiies ^)> vhich the raje fell 
(4) The lays prodiimheBrtidien they fell nutter 

The mobonm W is probablT a ladiometer meet caused 

by tiie heating of 
the eatfaoes on. 
arhush the rays fsll 
(6) They pro- 
duM pho^lu^ 
oence Theeolonr 
produced on the 
B% 492 ndls the tube 

irhen slirncik by 

tiieeB xaya depends (m the chemical nafeme of tiie glass 
Lead due phoqihoresees bhw, soda glees yelloTOh green 
Phospboresoeneeualso mduo^ in banum phtino-< 7 iiiiide 
and the xaze earths (cerium, lanthanum, etc) Some 
bodies dhugecrionr, eg lodk salt, irhieh becomes ’ndlet, 
irhile m some cases dienneal riianges occur, ihon^ very 
likaty this IS partlj doe to the heat^ effect as uw as to 
the phoq^boresoenoe Tte kathode nys have a reduemg 
riEect 



(6} When the rm strike a solid obstacle the hfeter 
beoow a sonne of oefller jntlm knom as Bonisan or 
Zxnyu. 

(7) The rays ace deflected by a magnetic field, As 
dtnmba if atfieetMa bung that In w&ieh a rinam if 
n^aiadg duagei garhdes voM be i^edei The de> 
flection, under like ccnditHms, is independent of the 
gas in the tube before ethaustion and of the kathode 
matensl. 
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sKsefrv^'afic Md —If the field » Taaform and of strength X the 
force 03 ach particle tluonghoat its inonon is Xe, and as bsfoi^ if 
the field Is perpesdicnlar to the izutjal dixeebozi of motion, vre get 

^ri!^ » X^ 



vrere ^ is the radius of csiratoxe of the path. The defiecfion in 
this case is perpendicnla^ to toe initial direction of propagation, 
and n fhe <fi"%6firx lAe dcetrof^aiic/dd. 

(d) Cof^ tchen WJifdd^ art tn ocfiVi.— If tiie electxostatio field 
IS perpesd-cnlar to the magnetic fidd the sign of the diffexence of 
potential may he altered so that &e separate deflections dne to the 
fields ate xn opposite duecboss; la this case, if the strengths of 
the fields are so adjusted as sot to deviate the stream of p:^c3es, 
vre most have 

er^ s Xe, 



so that hv an expenmeat of this oatnre r can ha found. If so^v 
either the two faregoosg ezpenmests, (&] or (c), is psrtbrnied 
the raise of c^m tasx he fonnd 

If the psrtirles hare difierent rdocitie^ or there are difiereot 
valnes of tjn, a dispersion eSect wil2 he observed in both the 
xnagneiio and electrostatic expenments. 


318. Detenxmiatioii of ejm and t. fbr the S^thode 

Bets. Thcmisoa’s BCe- 
>P thod. — J, X TfaomsozL 
used the appazatas of 
fhg. 493 (C=hBthodef 
A = anode). It was 
placed betwesn the poles 
ofalaxge magnet eo that 
a ttniform malefic Md 
Gotdd be estab^hed orer 
tbe space indicated bjr 
ibe dotted oral area, fhss 
fpid being perpsndicalar 
to the path of fhe tathode lajs from C, le peipen^ 
dicnlar to the plane of the paper. Before the mag- 
nefcc fidd is established the kathode rays prodnoe a 
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csrlmder TbQdBOaxmri^ 

ojlmiAoru l)omg iwgati^^ohatgedfi^ that the 

rayo cany a negative charge Of oourae fte Arcrfioa qr 
deflechoaaleooenfirm 

He charge on the inner qylinaer vnu, however, not go 

fhrcmA'whi&thfljfasB oondnetixig, and bo, as the potential 
of the insdlated cyhnder naea, iDflxe 0^ 
ftoin it aoroes Ihe space to if and so to earth 


317. A Srdianuiaxy STote to the Sevev Be- 
Beasohee^Befoie proceeding to ^ more recent 

w fflplr Ml this Bnbject tioe fcHowing pomtBBhoiudbe 
carefully noted — 

(a) 2teeM«ffleinoCtoa^ato(fodMprde2eeOtMtafieii2^ 

am oa Aol af a eurratf — Uazmu prom Uwontaonlly that » 
Qhaxn of g elMteoaiatio umto imivmg with a rdcoilar v is eqmvB- 
last w B oncraot of gv deotroBtatao mats or 7^8 X 10^ ewota 
usgoatio mats , ttos was oonfiimed wqpcniaeii&illy Boidaro 

(b) IMacfioB of a stram gf dedrt/Ced jpcotiefoa ^ oorota a 
mnmehc —Lot « bs the mmibw ot parbides m nmt IsogOi, 

rnihe nssa of eaidin^lek c ito charge vtim vetomly o£ propaga^ 

tfqn, and S the stcamCh cC the magastn field i m po s ed moninn 
and porpoidunlBr to m dneobon oC motum Now hj the last 
netna toe eqmTiibat oniteiib dee to toe psrtidles »> nep !Die 
focoe eaunM on the psxtioleB m mat lengto ty tlie field to ibA 

170, emal toitevA and n at right anito to ootii the dinotum of 
motnmandtiwfim The foioa on euh partufie u therefore saff 
The pezbole will toaefoie he deflected fim its atsai^^Muie path, 
and wiU move along on are oE a enele m a phuw mvpaadicttla^ 
r&c fisea V Let Jt he the radins of Bus euds^ ftoi, 

Bmoe esff IS tiu oei&ipetal iom on a partiele of miis n^, 


If A3 (tog lepraaonts the line of 
moTOig patISm hetbee the fidd n on, and 
the fine after the field IB on, 


bom abush, after messnnng AB and BO% B ^ M 
can be fbimd If N is Lnown, and if e oas 
slsoheibiinda itiaamatterof esqr calonlataon to find ^ 
HtoepBstidebpnoeQtedohhqneWtofhemagnetioficU, itwdl 
mo\e along a hehx whm axiB is parallel to the uid. 

(e] iH/bchon vf a ditam pf cfecfrilEsd porCufes shot oeroM on 
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The voluo of e/m was found to he 7 7 X 10* electromag- 
netic 0 G- S units ]ror gramme, v was found to Toty be- 
tween 2 2 X 10’ and 3 6 x 10* cm per sec More recent 
lesults give e/m to bo 1 772 x 10* e m units per gramme 
Simon and J^ufmann give the value 1 86 x 10’ e m umts 
or 5 6 X 10” e s units per gramme 

318. SeteEmination of e/m and v fbr the Zathode 
Boys, Another Thomson llCeldiod . — A second method 
due to J J Thomson is interesting and may be briefly 
dealt mth it is however not so r^able and accurate os 
the method of the preceding section 

The appaiatua » similar to that of Bbg. 493 The kath- 
ode rays from 0 pass through the slit m A and then by 
means of a magnet ore deflected so os to fall mto the smau 
msulated cyhnder which is joined to the dectiometer If 
N electrons enter the <ylindei m one second, Ne will be 
the charge given to the cylinder in one second, and this is 
tiierefore knoivn fiom the known capacity of the system 
and the change of potential per second indicated % the 
electrometer Let Jye be denoted by Q 

Now the rays on enteimg the small cyhnder fail upon 
one junction of a thermo-electno couple Thu thermo- 
eleoixu cuemt includes a galvanometer from the mdica- 
tions of which the nse m tomperatuie of tiie junction m 
one second due to bombardment by the electrons con be 
determined Unowmg the capacity for heat of the couple 
mid the use m temperature per second, the eneigy to im- 
ported to the junction m one second is known. 

Now if If be the vdocity of the kathode particles the 
kinetic energy cd each is and since N particles enter 
per second, the energy imparted to the junction per second 
IS ItNoM)* Thus ^Nmti* =s «, and since Ns = Q, m 
N = Q/c, we get 

jq!!L»‘ = w 
^ e 

But from the known deflection by a known magnetic 

PIT 

np BH e V 
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jutoth of pliosphonaoeoee lA a ‘Wlun the field, n wt cm 
m one dmotum tiie phosj^oieBcent path mores to o and 
‘when the ftdd u leretsed it mores to e The aotnal 
defleetum of the nys doe to the field is half he and fitom 
tlii« qnd the hnown honsontal distanoe An, the tadnis of 
entratare JB of t^u^of thenysoanbedeteniunedas 
mdieaited m Art 817 



To determine v, J J Themson used the appanhos of 
Ag 4^ The ksthode rays from 0 wa thiongh small 
shts in the anode A and m the metu ping S and this 
naxiov beam of nys prodnees phomhoresemiee ab5 A 
magnetio Add umToria over the dottad oral area u then 
awud perpendunilar to the plane of the paper and the 
phosphoxeaeent patch mores to 5' % means of the taro 
honsmtal plates shown, m the figamaadeoteostate fidd 
IS than pot on m the neoeasary diteeiion and rts strength 
adjostea nntil it emetly nentrehses the efEsot of the mag- 
nstn field and (he phosphorescent patch moves bade to 8 
If Z denotes the hnown mtsnsify of the dec^osMaefidd 


H, tiiea from Art 817 — 


«=: 


s 


and V IB thenfore dstennmed Tmung now to tJ»A pug., 
ceding aqpenment 495) we hare from Art 817 — 

a _ * 

ao that knowing p, S, and S the ratio dta u determined 
Tkeuapt^elmwop fomdioUtni^paiipKti^fhemdgna 
ihp IttiMie emd tadtpendent qf &» natun tf iha mu m 
hiia B^on oBaudion 


» Asn £ 


51 
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duo to tfao Sold Then I corresponds to AB and d to J?C 
m Fig 494 From the rdation AB* = BO) 

W6 havo (neglecting BG^ for BO » small) B = P/2d Tiie 
expression cmzzv/BH of Art 817 Hornes on sub- 
stitation for B and anting F for v — 


0 _F2d 
m OT 


( 2 ) 


Substitutmg from (1) the Tolue of Fi viz F = 4/1^ 
we get — 

« -a/^. 2£-2j1 
m HP~ HP 
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Balofitatntag tliiB for mfe m tbe above ve got 
-.— 2 ® 

, . ® _ 2io 

“4 "m“15SsP 

The mean value obteund I 7 tfau meChod vru e/m = 
ISxlC eleolztRiiagaeba C(}S mots per gmxame 
The valnaa of o vere of the order 8 4 to 8 2 x 10* cme pec 
eeeond UneertainW in fhe meaanramenA of Q and w 
xendeinihenieQuidKnidiableihaiitiiabof Art 818 

818a. Xanfinaan's BEethod of Detetwliiiiig ejm 
fis tiw Xaf^da BaTja— In S^utfmaim'g append Ibe 
hathode IT u on alnminnnn plate (Eig 49^, end flie 
anode A an earUied platonan vnxe The obaiaher 0 
hehmd IhB anode u aacnowed hetoeen faro BolenoidB, the 
hitter gnn^ a nmfocm field JT over pcaebeallj the vhoile 
obuBMir Guaghaathte w Txepued 12iat it hecomee 
flnoNsoentimdertheaKioii of & hathode cays from K. 
Aahadoarof theaaodediBofconcaethioimTmon G 
meanaof an eUeotrometer tiie P D between £ and ALvaa 
meaanxed SenfiniaimnaedaWmiBhnratiiuudiineiiut^ 
of an mdoobon cod. The dhamber 0 ima acieened from 
deeboatatu aotian. The es^enment conaiata m atartmg 
tbe zaya and no&ur the defleeboa d of the nya on G vrhen 
the fi^ PT IB eshbluihed 

If FbethBTelloeify of theeteetron mfliefaitiiode laya 
on teaehnm A and enteniig 0, « havdoialy at K, and m 
ife maaa, then ~> 

— i^)s Ah 

where S ut fhe P D between A and K mdioated by the 
etectnmieter and a la fhe ehaige Sanfinann 
that « oonid be negleeted m compansan wiOi T and 
thetefote — 

isiPsaEe . (1) 

let Z be tin distanin the eleetm tcavde in the magndao 
field before mdfamg G and let d be fhe deBectun on G 
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0< T B. Wilbon slioxv cd ( hat condensation occun ed m dust- 
fjGo gas prowdod that a btream of loitliodo, Jtontgeni or 
ullra*Molct rajs, or a stream of mjs from radio-active 
matlor, nas allowed to pass ilirougli the gas These rajs 
lontse the gas, { c pioduce in it charged partides'^ome 
positxre, some nogatx^o— called wit With a cortam ez« 
pansion ilto condensation is onl} formed on the nogatiTe 
lons^ inth a lai^gcr expansion condensation occurs on 
both posiiiTo and iio;^tiTO ions Li fact if the expansion 
OTCoods 1 • 1 25 in volume, condensation takes place on the 
negative ion wliilst if it exceeds 113 condensation occurs 
on both positive and negative ions When such small 
spheres fall in a gas thoj soon take a steadj velocitj due 
to Uio upward force of viscosity balancing rae downward 
force of gravitation and Sir Q- Qt Stokes has shown 
that — 

9 


where v is the steady velocity of a sphere of mdins a, 
deusitv Pi falling in a medium of viscosity p 

J J Thomson in 1898 and E A 
Wilson in 1903 used this properly 
to jfnd tie charge on the negative 
ion and os n nemtive ion is really 
an dectron loaded up by having 
attadied to it one or more nettiml 
atoms or molecules, the charge on 
the negative ion is, of course the 
electronic charge, the eoxne^ for 
example, as that on the kathode 
rays Wilson’s method is briefly 
iig 497 as follows —The lower half of the 



* A negfttwo ion is an dcotron loaded np hy having atlndied to 
it ono or more noutrol atoxua or molecules , at low prassuKS tM 
dcotron throua off its attached neutml atoms or moleoules ana 
its c/itt value is then o«» stated in Art 318 A po«ti\a ^ f” 
atom which has lost ono ckotron, either alone or loaded 
having attached to it one or more neutral ftoms 
The ohargo corned by a negatno ion u equal and opposzte to the 
charge earned by a positive ion 
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88 imitB per gnunme Saallihunev vorkcBientoBblie 
takra not to "xnix up ’’ the '* iiint8 ’’ 

How m case of a hydiwen um in eleetiolTBU it la 
known that e/mu 98 x 10* woteomagnetie OGS units 
pergtamniB, hemoethentioof the mass of the hydrogen 
atom m deetnlyBU to the mass of the deetton in the 
kathode rays is 

^ s/m for eleetnm _ 186 x 10* _ «Aon 
i/m for hydrogen im 96 x 10* “ ’ 

so that toe masa of an deetton is roughly 1/2000 of that 
of a hydrogen atom It la assumed tw s is toe same for 
the hydxo^ um and for the destnm, this IB shown, later. 

Badio ubve mtotaims gm aatpMMtnimB wlnsh oounfe 
of duxsed aorpiuwileBi s&d cfd for tbon u tlko mm 

for kfttliode Ronj^eDTutho^ Lenacd. and Bcoqaml 
x^aB«iniMaeen1atear,aUKmi«aa Niff dotaoiliinff from the 
OH atoN nagabvo oonnideai aid ^ te l£m Mdottteocp^^ 

» fha Bamo aa lor katboda tJlte-Tioiliib bbezaSaa ti» 

BaneootpaiolH foam amo plates Tha Zeemaa and oilier offoota 
can be exp l a ine d ty awnning Tibrafang negativo oonnundesm the 
aAonu with tiiia same value oEe^ Bemea hamztt the sane vahie 
of f^all nmtive oomidleB^ hovever ptodno^ have the same 
vaUwforaaiimiBytheeoeingtlia ‘*ate of elBOtnin^ It inH 
be seen hter that the atniiB of matter are looked ononaa 
mg of qpataiM of n^gibve oorpoMfoa or deebm ; ^ u the Oo^ 
pimdar or SfostriN Theory of hbtter 

WevnUiiovkavetlmdie^^ tim Imihode laya aad 
poaa onto aagnaninafagg of this aaarmailBctjmMit 
its appeaxaaioe in olihor pTicaBoniflna Otbar pmnia about 
tbeTaemnntiiheoCAxt 816, eg X4ayB,eto. wfflhededt 
with later 


880. Deteminatio&of e BndmfortheSleoteon. 

Ckmaonsat^ BBgecinenth--It u wdl known that if 
air satonted wito wBlm>TapaaT is sahieeted to a maaoii 
expamion ooadenBation ooeats and toe space 
ufiDedwithadond Aitoen and EdTiuhaTeehown that 
the form^im of s^ a dond is imposaihile tmlma nuclei 

axe prormed on which the water may condense In otdi< 
nary air dust paxtades proride most of the nncilei, hot 
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Not; Jf = §«raV irhore a » tbe zodius of a diop and p 
t3ie density, and from Stokes’ formula a = • Sub- 


stituting to get’ 


s = Or 


^ fa-Oi)A 

P9 X 


and since X, and n, are known whilst p =s 1 grm peroo 
g = 981 cm pw see per sec and p for air 1 8 x 10~^ 
the value of e is deternuned 

Another method is os follows Before the ddd is put 
on, the velocity of fall Oj of the top of the cloud between 
0 and J) 18 noted and fiom Stokes' formula the radius a 
of the drop is detennmed From this the mass if is 
calculated The fidd is then put on tut with 0 positive 
and D negahve so that the field opposes the actum of gravity 
and the former is adjusted until the two balance and the 
doud IB stationary When this condition is leahsed we 
have 

Xe = ifp 

■■ *- z 

from whidi e is determined smee if, p, and X are known 

The early condenaation eamnmentB of Thomson on the Yslne 
of e wore somewhat diflforent from the above expemnents of Wilson 
In Thomson’s experiments the lower port of a aphenoal glass vessel 
contained water and the vessd was closed at the tro hy im 
aluminium plate ^Ehis plate was exposed to X-nys and ihe air 
in the vessel ionised. A sudden expansion was prodneed, the olond 
formed, its velocity of fall noted and the ndins of each dnm 
ealonlated fimm Stokes' fomnla The total quantity of csondensed 
mmsture was calculated from the foil in tempeiature Knowing 
the radius, and therefora the rdume^ of each drop and the total 
Quantity of vapour condensed the number X erf drems wm found 

Now imagme that there are at a pariaonlar instant iv negativo 
ions m theSace between the surfeoe of the waterand the alnmmiBm 
nlate Imagme the latter jomed to an oleotroraeter and the watgr 
mfooe Budtoly ohar^ negati\ebr so as to tore 
ions to the plate The charge given to tbe plate would be wd 
eould be nwasured the electrometer Knowing Xe and X, a 
would be dotenmned Thu merdp indtcatts ae pnnapk ^ tht 
"hwh hmner « not bo sfttwfaotwT « Witaon’a method 
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Tessd AB (Fig 497) cantama water bo teat the space 
abore^ for example tee space between tee honzontel plates 
0 and Dy 18 satomted By means of tihe tube E tee vessel 
AB commimicaAes with an expansioii chamber and a 
manometer X-rays &om tee tmlb n tee ^ can be 
sent alo^ the q^sce between 0 and JD to lozuse tee gu 
there In the first place a few* expantems axe made in 
Older to remove all dost paztielee, and the en^ansion 
apparatna is ama^ so tea^ m tee expenment to follow, 
the expansion will be sodi that oondensatioawin only take 
phoeonteenegatm ions Next tee plates 0 and D are 
]onied so teat they axe at tee same potentul and tee 
X-xays are tomed on for a 8h<wt time to ionise tee w* 
Then the xan axe toxned off, tee expansion produced tens 
foxm}iigaol(md,aadteevelodly OjWitewmi^ top of 
tee dow bebwm 0 and D setOes down is noted O is 
BOW oonneetodto tee negattva and J) to the posibTe pde 
of a batteiy BO teat tee eleetxic field haatens the fidl of tee 
dond andtee vdomte e, with whidi tee top of the doQd 
now fslb » noted Thm tee data of tee expoEimeDt and 
assimimg teat eodi drop has one dectronfor its nndeua, 
tee value of a the etoebtonio chaxge is readily determined 

Before tee deotnc field la pat on, the downward force 
onaportidBia 

Mg 

where if is its mass and g is the acodeiation dne to 

When the fidd la pnt on, tee downwaxd foroe on a 
partwleu 

Ze + jlT, 

imeo tin field Z la m sueh. a dueciaoin u to Iwirfffn the 
fall, henoe 
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If the expenment be in air at Icnr preEsure these same csorpasbles 
have all the features of the kathode tay particles and a dsuiBT elm 
value. We may therefore condnde from all these residte t^t me 
charges earned 1^ the kathode partide^ &e gaseons ion, and the 
hydrogen ion m el^rolyus are the same, each bemg the " atom of 
eleotncity,’’ and farther, that the electiomo theory of matter mmt 
fairly 11 represent the facta 


320a. Determixiation of ejm, e and m for the 
Electron. Xhe Plioto-deotcic Effect. — Sertz m 1887 
showed that when nltra-Tiolet hght fdl on the n^tire 
terminal of a spark gem the passage of the spark was 
facQifated. Later, ]ullwa(^ and others showed that 
negativelj charged metals, paiticukrly zme and aln- 
miniinn, lost thexr charge when the nlf^nolet lajs fell 
on them, but that positiTelj charged mefals did not This 
"photo-dectric is due to the light detaching elec- 

trons from the snr&ce, their rqpulsion "bj the negativdy 
charged plate ocmstitating the loss which ei^nment 
shows: if the plate is msitLTe they are not rq>eljed amy 
&oin the plate and no loss is indicated The explanation 
of the detachment of the electrons is that the hght seta 
the electrons of the metal into forced vibration xmtil 


finally the amplitade becomes so great that an deciron is 

e]eGtedfrom the atom 
V Tufxa-Tiolet light is 

pofisiblj most ^^tire 
I'T lA m this becanse its 

pI period is nearer to the 

\ vibration penod of the 

n electarons in the atoms 

J® of the metal Hthe 

?ig 497a. eoq^etiment be in air 

the ejected etectrons 
may attadi tiiemsdves to neutral atoms and molecules of 
the gas to form "ions”, if in a Tacuum the ejected 
electrons resemble the dectrons of the kathode stzeasL 
Lenaid*8 method of canyinp out the mmfatatiTe 

measuiements on these electrons u as fonows-loghtfiom 
a spark gap E (Fig 497a) p^ thrragk a ^fe of 
Q into the tube T, -wliich is veiy lighly exnansfed, 


?ig 497a. 
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and falb oponi oa ahmnmmn plate A, the latter bemg 
mamtainfld at a negatvoe wteataal (alxmt 600 ToltB). Pis 
an earthed alummiam ^te pronded mth aa apertoze^ 
vhilstPaiid 0 are eteobtodes Thush can be coonneeted to 
aa deobnaneter The deetrons pass through the wening 
mP and fall upoaP Am^pifibofieldifl&eaesta'^bed 
perpendioidar to the plane d the paper, fie Add bemg 
uimotm over the space between P and B, and ptoduoed 
l^aonixent as in Kawfinann’s expenmenb Two cnrres 
ate drawn gmi^ the defleehons at B and 0 foe •nxum 
cmrents in die nagnelisuie cdls the ddEarauie in the 
pontnms of the wiamma. ^ enmwit. to dnflant 

the deetrons frinaB to 0. sWinng this and the potentnl 
of At and the dunennons, can be caleulated just as in 

Xanfmann’s detennmation of efm for ^ Wthode rajs 
Lenaxd’s reaidt waa </m = 8 6 x lO'^ 
deetrostatio units per mmins, but y p 
later'woikgavea/m = 51^ X 10>^e8 i| 
unita per granune, - whiah u m dose z ^ > q e 
upnement widi the Tnlue found for 
tbs kathode rajs. TheTdodly«is of \i i^is 
the order 18’ cm per aecond ^ -a" 

Anothermethoddueto J J.Thomaon 
ismstmebve B 4d7t) u a sine ||& 

plate neratrvdy diaiged and ulba- C | I i 


Fiolet is falling on the face of I | ' * 

itk wbieh IS towards the r^ht To . ( ' * * 

Bim]^ matters we will assume the • 
expenment to be in a Taounm. US Wb 

^ mtennigr ^ die surface, the force on on dectron will 
te£a towards the n|^ Bie deetrons will be driven to 
the agh^ so that a panM pkte Pplaced as indicated will 

reoene t^, and an deotiometer jomed to P wiH mdnw to 
toeir aniTal 

^nowam^do fidd be estabhdied in front of S 
and perpoadieaiar to the plane of the paper— aav “into 
fi»«» ott «a dectam duefethia ffdd will 
be oit^ doioRtnrdf and of magnitude JEbv if Jibe the 

magnetie fidd and* the vdoci^ the olectnm. 5WdB«, 
theeBndyaaesaamduafedwehave,— 
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Velocity of clcctTOU in x direction 


dx 

dl 


Velocity of electron m y direction = 
Acceleration parailcl to Ox = 


di 

d*x 

5p 


Acceleration parallel to Oy 


_ 

dt* 


Again, if m lie tlio mass of an electron, the force on it 
parallel to Ox ib m ^ But the force on it parallel to Ox 

IB Ee due to the plate and due to the field. An ap- 
plication of the left hand rule mil shorr that an electron 
(negative) moving davmwardt has a force on it (due to the 
magnetic field) toward* fhe left. Hence for the x direction 
vre have — 


Ay 



« 

Fig 497c 


Ee - He J 

di dP 


( 1 ) 


Sitailarljf for the y dueciionf remembeting 
that the plate does not exert a force in tins 
directioxiv T^e get. — 




iPy 

di* 


( 2 ) 


The solution to (1) and (2) is — 

S=^(flf-8md0 


vrhere $ ~ Hejn 

Hott imagme a circle of radius r rolling along the y bjos 
The locus of a point A on the cucumfetence is celled a 
cycloid (thich curve m Fig 497e). The equations are,— 

* s= 1 (1 — cos o) 
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The calculations mvolvod in Ins eorlj expenments aie 
those outlined in Art 820 To fix ideas, imagine the space 
to be ionised and a single oil drop of mass nt and charge 0 
(gathered by collision) to be under observabon The 
do\mward force on the drop is mg and the upward force 
18 Xe, where X is tlie intensity of the field IE Z be 
adjusted so that the drop is stationary 
Xess mg ^ 

a being tbe radius and p the deasiiy of the drop 
Now let the field be cut off and the velocity of fall (o) 
of the drop be observed By Stokes’ formula v = ipga^jSp 
(Art 820), hence 



Milbkan also vaiied the procedure outlmed above and 
worked to a higher degree of aocurocy than has been in- 
dicated, correcting for Imoyonoy and using a modified form 
of Stohns' formula Theory inmcates that m tihe case of a 
spheie moving with velocity o m a medium of viscosiiy p 
the force acting is best given by the expression/ = Kpva, 

where a is the radius and JET =s Or + ^jiPbemgthe 

pressure and a a constant (a = 6 25/10”) Thus if v be 
the velocity of foil of the drop when on opposing field Z is 
on, V tbe velocity of foil when the fidd is off, and d the 
density of air — 

l|ira”(p — (Qg — Ze = Kpva, 

JiTra^Cp - d)g = XpVa, 
from which equations e is determmed The expression 
|flu”(p — d)g 18 the term mg corrected for buoyancy 
I*or simplicity we have assumed a drop to have tbe 
single charge 0 , but they frequently carry more than om 
of Siese “natmal unit chaiges,” and the "handmg on or 
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fhen chasm frau inoteBole ol ^ to 
verm can be soted mth the tdeatxm xfans nBBaae a 
dtc^ qidte atatianas]', the eleotrio ana. gmritalaonal xtnees 
bidniragrandBagpoael^tacoUiaunxasQltBm the dnp 
talnne im anniiher deatam ; the decbio £oice irffl then 
esoeea the giantatioiuil fone aod the drop mil aoore 
iiq^vasda amilarly, if the ooQiriea multa m the 
Imnng an eleotrnn the deobaa fnce mil be kaa and the 
dnm mil httin to M These efEeefe ase fteqneaflr 
ohaemd 



Tig VSti 

itea find 16 am apart measia of the swiidh B 
Me jAatw ean he dbatged to the P D. (d a 10,(^ nfit 
PbttW Ti « tiuf ean he abort cuemted and the fi«M 
hrtnean theni xefineed to sen Ihe htaae naael S wae 
complei^ aumnndedhj a oonatant fenn|eiaibare hath of 
gas engine oil A is an atonueer thxoo^ vfaUh the od 
ayayiabl wra^ thenaaelB The wy aanute diqp. 
lets of ou foiamg the spnj fall dovlr, and oocanonany 
one of them finds l^.'mvjhmgh & pmTinln m the 


nud^ of the n; 
and D iraa atawi 


•late a The droplet in Ween C 
[nmnated light from an axc^ the 
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rajB passiDg ihrangh a yndxar cdl W and a cupric chlonde 
cm G, {hence through fhe 'raidovr G Xhe W and 8 
are used for {he purpose of absorbing fhe heat rajs The 
air about fhe droplet can be ionised S desired, or electrons 
discharged direotlj from the drop by means of X-zajs as 
shouzL Through a window (not shown) fhe droplet can 
beviewedl^’ amescope JUT is a manometer to indicate fhe 
pressure hbOiban’s result is a = (4 774 ± 005) x 10"” 
es unit 

We will now zetum to fhe vacuum tube of Art SIS, and to 
the consideration of other phenomena connected therewith 

321. S^nard Bays.— -In 1894 Lenard made fhe piece 
of apparatus shown zn Eig 488. The kathode K was of 
aluminium, and the anode a brass tube A Immg the tube 
behind it The anode was earthed The end cl fhe tube 



Fig 498 

was dosed by an earthed metal plate^ out of which a central 
hole bad been cut This hole was closed by a tbin bit of 
aluznimumfoilF.^mm thick Thetubewas exhausted 
and a strong kathode stream obtained. The room was then 
darkened, TOen the air outside JP was observed to be glow- 
ing and bodies placed just beyond F pbospboreseed The 
isming rays were foi^ to be deflectable, and ly mttiM 
on another vacuum tube in the position indicated by the 
dotted lines L^rd showed, by methods similar to those 
descnbed above for the rays inside the tube, that thesemys 

' “ tays Theiajsbefom 
ays, but to these lays 
name Itenard Bays is 


were identically the sameas kathode ; 
reding the foil are called kathode i 
winch have penetrated the foil the 
usually g^en. 
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822. Bostgsa w Z BagrB^—Sooa after tine exhaiufaoii 
irf a Tamim tube leacthea tiie pmt at wlacihihB dark qmoe 
BaRonading the kathode exends to <he anode a atarked 
diaoge tnlffiB place, and Bomtgea foandlhat a^ofa^pfaio 
plate lying near tin apparatus vaa a&eted, he atb^ted 

tin lesnlt to sinne 
unknown fonu of 
laduiliion emanatiiig 
from the iobe^ and 
to thiB he applied tiia 
’;i-, term Z nm Bis 

Fig 409 now conaidered that 

the Z raja are aether 
pnlaas which ongmate ata aohd anhstanoe'whm itu atmok 
bykathoderajB AuZrajtabeiBBhownmi^4l99:^ 
kaihode on toe lett IS ecuisaRe and a piUi&uin. ptate (unuch. 
may be t^ anode) IS placed at the oantra of onmtaie witii 
its ^aae at an anj^of 45** to the axis, theZ raja an 
given off as mdicafed 

The mam pmnts about these isjys may bebnefly snsa- 
matised as follows — 

(1) The rays ate not defl e c t e d by amaanebooc eleettio 
ddd Uqs aifEerentiates tiiem from kaniode nn, fhej 
BKBjmbably not charged partioles 
m Thqr can penetrate a layer of air eennlfeettlaoik 
and can pass Ihnugh maw eolid entntuieee The trane* 
parenciy of eabstanm to Zxaye depends nponthe deo^ij 
of the Babstances , thualead is piachealh opaque to the 
rays, bnt ahmuminn is faanspaoent Sow ghas la trana* 
parent to them, bnt lead |^aa ia imqiis ^^b u mimTi 
more brauRKuent to the rays than wmes , benoe ftm r use 
m mstgmm eiamine the bcnee, to detect ftaataxes and 
^‘'Wbodiea.ete (See «xadiogn^"ftflfaig page 414) 
(8) Tw excite fluoreacence in aumj anbatanoas, eo. 
ta®i“lJ«tiim^waaMe If therayafallonaacreeaeoatM 
WOT thiB and the hand be mteipoaeci, a shadow of the 
bones appears <m the aoreen, the fluoreaeeDee bong less 
im UOT at otto parts owing to the rays bemg more 
shsorbed 17 the bones 

(4) The rays an not tefiractod Yeij btOe tnoe c£ 

SUAkDlk 52 
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regular refloction has been noted Quite reoentlji and 
with difficulty, signs of polarisation have been detected 
Sharp sliadons due to them indicate rectilineal propaga 
tion, and investigations seem to indicate a velocitj eq^ual to 
that of light 

(5) They ionise a gas through which they pass 

(6) When they upon any mateiial ihoj give nse to 
other rays of a somewliat similar ohamcter known as 
Seoonda^ Z'^Baye. In the case of gases and other 
substances of low atomic weight tho secondary mys ate 
of similar penetrating power to the primary mys and the 
action consists, most probably, of a seaUmng of these, 
although it 18 likely that some analogous ladiabion » 
excited m the obstacle, t e Uiat the (ffiaractensbo radiation 
of tiie obstacle is also present In the case of metals the 
secondary rays are loss penebatmg than the pnmary, 
most of wem bemg homogeneous and charaoienstie of the 
radiator wlulst Cune and Sagnac ebowed tliai in the case 
of heavy metals the secondary rays were really of the 
nature 6£ kathode rays, i e they had a native diaxge 
The homogeneous secondary X-rays axe usually dassi&d 
into Series Z” and ** Semes IC" former being the 

harder ” and more penetrating Barlda’s latest work on 
secondoiy X-rays shows that all elements emit thor 
choractenstio ta^bon, the lighter ones giving Ibe 
senes (whx<ffi snereoses in penetrating powei with ihe 
atomic weight) and the heavier ones emittmg tn adiihen 
the ''L senes. An atom probably oonsists of a ponbve 
nubleiiB surrounded by dectrons revolviag in orbits round 
it and the K radiation (bgbest frequency) is due to perfcu^ 
babons of the innermost^ most rapid, nng whilst the L 
xadiabon of lower fiequency is from the next outer nng 
Lately an 2f radiation has been noted from a nng 
the latter and there is talk of a J xadiabon of extm h^h 
frequency fiom regions dose to the nueJeus Rurkla 
recently confirms that an dement bombaided hy X-raya 

- . . s tr 


It luB been stated that Xiays me aether pulses 
wben iihe corpuscles of tbs katbode lays sfaifa en obstmo 
Oonaidei now a negative ooipusclo momg forward ^ 
AS (Fig 500) ^Mthasmall velocity » The Poraday tabes 
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J ? Braixstoird. 
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School. 

Oomponnd oomminnted fiao 
tare of upper am (gunshot 
%nmnd in Flonden) shov- 
ing also niii&oroQS parttoles 
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lie disthbiited mu&midj fiH uoinid it Sii^poBG that 
nhen the o(»pa8o)e xeaohee 0 a foice aste inoa it vhu^ 
qnutdj bnnga it tozeatmaBinalllaineS^tne final porip 
tun ol ilte pactii^ lieing not aenailify chfianat fimn 0 
To bid llie poaitum ol the Paiaday tabes a tune i after 

the firm applieafaon ol the 
force neosnie aln^ OB a 
distance 00* equal to of, with 
0 as oentie describe a ^bere 
with mdim T (t — 6Q, and 
with O' OB centre desmbe a 
Bj^ere of ladins Tt, where V 
IB ilie vdociiy of light (see 
Art 810) IxMn if no 
had BfitM on the oo^sde 
the tdies wonld be aHfiadi- 
ato^fromO' ABitiB,how« 
erar, onl; the tnbeB ontBide 
the laiger q^ere axe radiataig from 0 , the distarbonoe 
having paased over tte tabea the mner qphece thqr 
radiate finm 0 , while the pottuniB dE the tabes wiQun (he 
mhenoal ahdl are m be transition state, the distorbanee 
Bfadtmg them from the zadudang centre O' to tliat. q| q. 
Tbej, of coarse, nmst join np^ intenor tabes to be 
extenor tabes, so that a tabe inohned at an na g l y $ to 
be dmetum of motion appears as m Eig 500, PQ iirfwg 
neady straight if St is ytaj small PQ has a tangobw 
component, bos wibin ™> sbeTl bote is a famffamtMii 
deobio fo]^ and J J Thomson has iW. the 



Vig 600 


taa^niiBl dieBinw of fhe lEVoaday tabes axe gteater 
the soKoes doe to w xadsal tabea ringplj movim fonroxd 
Xhd pobe doe to tbia tasq^ential aheexing tianb <mt- 
WOB abrngihe tube irith a Tdomigr F OP' bemg eq^ 
to &e vdoGify of bght)i and Hiiiay m J Thomao&’a 
opsaioog oo&afatntea m Boniigeii taya pcodooad litm, 
foe nmtne oaxnen of flie Icalbode afxeaia atnte a aobd 
obstade 

^ OMmmtbepdaeu ftmodlto B Onimbdl) Tha 
dootno polasuatiaa m PQ (Sig fiQOa] msy be ngueSed as ooia« 
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TKHUided of ono in the diteotion Pit and one alone QZr 
tonner u ^471^, and if the latter be i> <70 have 


The 


V4S3 “I? 


J? = 


Now the polarisation to be considered 
in the propagation of the disturbance 
along the tobe is the one pexpendioulor 
to the tnhe, 1 e along QM ^ if this he 
then D' « D sin 0 

Again, r sa V{t ^ Si) si Vt (say), 
t = rfV FurtW LQ s= 00* « vt , 
hence LQ ss vrf V, and PL = d (say), 


• -D as ® 




Now 


ev sin 9 
4mrd. F* 



K 


Pig 600a 

. ttn® 6 r 


Uagnebo energy a 


e*B® am* B zr . 

I ■ EinGfl Jl i 


4rD' V and js 




Total energy — per unit rolame 


60 far we have considered only one tube , for the whole e&ezg> of 
the raise we must sum this for aU the tuh^ , the inte^pntion gives 
lor w energy 

3 57^ 


We maj fherefore look upon Bontgen rajs as transrerse 
pulses in the aether of verj short wave Ieng& Theeiiei|Qf 
in the pulse dep^dds won the suddenness with which ihfi 
stoppage occurs Jt tbs stoppage is very sadden the shell 
IS thin, the output of enei^ laige, and the Bontgen ibjs 
produced are very penetratmg, or in technical bnguage 
“hard,” while if the stoppage is rdafivdy slow the laja 
caxiT veiy Uttie enexgj and are easily absorhed by matter 
In tVs case they are termed soft ’’ 

Another theory, proposed by Professor Bragg, suggests 
that the constitution of a Bontgen ray is that of a closely 
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mat ydoaijt one putude bemg a coxpoBcle or negainre 
Sedaon, fbe other a pontage emtnm It u not ea^ to 
aeehoTT sncii a nentral pair can be qeoied from an anti* 
kathodBBtrocklq^ 

Beoently oonwdaiiWa p rogwa a has beea mads on tiia “omtalr 
lui« 3 »fiaoia 0 iL*’ofXrapa, «a thar tafleofeiaa ocysteiSi and 
witii sMooiatad ptDliteiiia<~ihe natora of atomui rt r u ofa ir ^ t he 
atni^gMiMab o£ atoma tn the mdemikt eto (aee C3hapter JLiLV.} t 
hut for Ibe atadent mnat osnaoh the onpnal m 

Batlda and IKnilop have fast oonqplfited ca p a n i n enta on tha 
aoatlecuu of Xma Pirani tiuae it appeata that ( 1 ) the aoaa> 
ten^ m X-raya tS Twy ahort vsto Iragth ly eqnu maaiaa of 
diAmt ndnAanioea xnonaaea only dightly tTith the atOD^ 
of the Boatterer 9 (2) iidittk the xadiatiQii u of longer mvekEm 
the meneaei yaj nnufli mtii the atoime ve^ght of m 

aoetterer . toM e haervafa ena hacve an unportent beanng on atomio 
ilrniilm ((teptar 2X7 ) 


888. Poeitire Begrs or Gaul Sa|yBir-If the anode 
m a TaoQxm tdbe be plaoedtaeme tbe bathode and the 
latter u nerfoiatecLv atreamers nay oe obaerred belhmd Ibe 


lo&ode i£ the pfceasoxe m the tidbe u ynlStsm certain 
knuta Theee lara produce pliotqphoxeaoenoQ^ penetrate 
fbn ahnmntctn loilf and oosaut oE posidwdf eharged 
omfielei qf man about Ab tame at on ordhuoiy gae aim 
iQbeniamxeaaltacfmy^^ on these **pOBk7e'* or 
” canal"* raya may be briefly amnmariBed ae ftmovB — 


ift) JEhuher Jhasstigdioiia 

(1) Wem {band tlm lor these xi^ to be 10* e m nmte per 
giainiBe (ipgEOsmtuy). vliie^ saiae as that cd 

ahydn^ienmelBoONNyra; fheTaliieof e^raeSOx UFom per 
Moondt abont 1/lOQ of thift of tin kadiode rays 
(iq Xhomiis^yrmiangetTBiylow’pEea^ 

Qoninsted of tm Bets^ m one of nhnon q/nibadtheyBlnelO*.flad&r 
the Qtheri^ had one halt of this ^alne^Tu 6 X 1(P » tbu latter ib 
the flame ae for the a partuAee fcoia xamo-eetiTe bodiBB 

Vor the gtan nydiogBa, eatf cexhon dunodei and neon the 
ihove two gtoepeony wer e pwwnt hat lor heltnm a thud groan 
vae bIbo prae^ for whioh ^ bad one qaacter the drat 
gmnaho^Tu S5x 10*«85 x lO’ 

(4) Ittn^ Ihetefoc^ aomotedIhatthaflexayB or oamani ofnon- 

tive bhatgea m gaaes wm Mdiea idenbiel wilh atoma or mbleMea 



<Ehe ”“ ^ U bVimTO 

gS^^'Siias**-* 

When tbe rays P»»" 

#+ 
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impBot eiE be at O' As nmihr partuto be movii^ Eith 
diincentiEljOoitKS tbe aotnal molt le a eorre (Azt 317) aadk as 
AO'Bptt fheoomAO^JBufomedbypBTtiolee offBftmiebAaic 
tA« Mine Do^ ^ €fm bat po s eeas diflimt valooibeB In niaotioe 
aeretdeiubmirraimijbeQbfamc^ bemg the nine lor any 
one earn but difoent for different oama (Fig SQQ The onrves 
ere portioDB of paiaboSas^ and the nlnee of ^ and v may be 
obtuned from mm, by meaeuement (ne below). 



Fig 6020 


Eeis-Ji b flioil to 
nvMfbe Held fiaff mgr 


lliaoliliarnaaaf (ML Ow 

tBrncarmewta ctotroa 

the ambTa do net cana 
mft ndl m Iba 
fBapEoduad^ jpai^ 
anttran ftoie OrowtMra 
ifabERbcr lamiciCI 1 
AOliiiadnIIU 


srua; 


lodinfiCrO' 

«f elm) for aaol 


Dh Cl 


vd TT ^ " 'wuuwiii pi 

J-T tnutad 

tab. Uteeacbctthci™*, f«d bm exSn; » 
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tzaces of nitrogen, oxygen, atgon, mercury \apcmr (meFcury le used 
in the pnmps), carbon (as impuntiea), etc , might be expected 
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It 18 likely that (a) is a monory atom (atb wt 200) canying a 
single positive ohar^, (b) a meroniy atom Garxyisg tvro oharees, 
(c) a meronxy atom oarrj^ng tiiree charges, (d) a moletmle of carbon 
dioxide (m \it ss 44} carrying a single ohoi^ (e) an argon atom 

! at wt ss 40) conying a single charge, {/) a nitrogen molecule 
m wt ss 28} a angle charge, (y) a neon atom (at vrt, ss 20) 
vnth a angle charge, (a) an oxy^n atom (at wt ss 16} nith a 
Bingle charge, (0 o nitx^n atom (at vrt ss 14) vith a single 
charge, 0) ^ carbon atom (at wt ss 12) mth a single charge, and 
(it) a nitrogen atom oaxraim trro charges Another hne— the 
hydrogen mi^in deflected on the record 
As indicated Motr, the actual values of m/e and v may be esti 
mated from the curves The least %alue found for m/e is lO"** 
(e/m sa 10*), which agrees with hydrogen One particle for uhsch 
m/e IB 3 X 10^* [e/m ss § x 10*) has Dcen noted, it is suggested 
that it ma^ be a form of hydrogen (Hg) or a now dement of atomic 
weights , ^ ^ 

Itia matter of simple pmf that the magnoho deflection Om » 

g iven by Cbn s= y A Huelmv^ and the oleotna dcflcotion Os by 
a s X s: I^Xe/mn^ w^re L ss distance of F from centre of field 
and I ss length of path acted on by the field , hence 

X 


a 

- 

• e* SL 

X 

" X* 

X 

t 

- 

.• * 

X 

Am * 

tn X 


ClcarW the<o later cspenmcnta eupport the earlj investigations, 
and indicate that iheposttne rayi are really aiom and moheulu^ 
the eubitancea preeeai ta the dteehartfe tube, aueh atom and wcKemw 
honne lost one or more deetrana , some carry the charge + «, olhew 
an intcgnil mnlbplc of +e (up to + 8* » c®*® 

Further work on positnc mja may probablj throw hfiht on the 
nature of positive dcctneitj 
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ZSiL General ZAeu on Qfl8 0Q«diiotioii'-*(l) Ionise 

tion^Tlie Biudent mil bava noted under ordnuiij 
oondibone gases axe TCiy poor ocfnduetora ^ electiieily 
ThnBy if TOET careful attention be paid to insulahoni a 
cha r ge d deofco B COTe mil bero its luiaige for aoine con* 
stderable tone. leaves w), boweveri fall giadualljf 
vludi Tniii«>tH8i tbat there is a leakf although vei^ small, 
thioagh the gas* Beoent mnrk shows that Hus teak can 
be mamaoAj mDEeased, and, in faot^ the gas madeagood 
oonduotor hf ezposine it to kathode raysi Lenaxd raja, 
X-xaya, hot ultti^YhdBfc light or xadio- 

Bobve Bubstaxioee The oonduciavitw peraists for a tune 
after the agents whuh have produced the oondncbvily are 
removed, but rt oeaaea m tune 
In Fig 604^ FF u a ebazged deetrosoopeb TB a tube 
which temun^O 


abesmafunniel, 
below which is 


lead box pro> 

Tided with an 
opening luat ba- 
lm JB, the lead 
boxbi^neoes- 
aaiy to screen J9 
from the dueot 
aeSonoftheX- 
xaTB TImtQbe 
on the 1^ of S communicates wifk a watBr>pump, so that 
air can be drawn through BT and JB WWthebdbison 
and the air drawn alons JBT u theiefoia goosed to tlie 
zajs, the electroscope omlapses, lAether the ehaige on it 
IB poBitm or n^iatrrsb thus showii^ that the X^js have 
made the gas a condteto 

If aring of cotton wool be placed m the tube BT fite 
leak in^ u iio< altered when the bulb isput on, t e the 
conductivify seems to be "filtered out*'* The same happena 
if the conducting air is bubbled through water If is 
a me t all ic tube with a wire stretched along its axu, and 


an X- 1 OT bidb 
The bulb ism a 
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Iho tube and mro be niamtamed ab a higli potential 
difference, the eamo thing happens, % e the air loses its 
condnctmtj 

These eneriments indicate that the agents mentioned 
above produce in the gas ^'diarged particles" Trhicb, 
vrhen tnej enter the electroscope, neutralise the chaige on 
the gold leaf Since the gas, os a whole, is neutral, the 
charged particles must ro of two kinds, positive and 
negative, the amount of charge earned bj the positive 
particles being equal numerically to the amount of diorge 
earned by the negative particles These dectnfied 
articles are called ions, and the process of producing 
them in a gas IS called the ionisation of the gas« In an 
electric field the positive ions move in the direction of the 
field, and the negative ions move in Uie opposite direction 
their movement constitutes a current through the gas, for 
when thOT reach the electrodes their charges are given up 
The number of ions in existence in an ionised space d^s 
not increase indefinitely with time, as positive andne^tive 
ions ace constantly re-combinmg We have seen raat a 
gas does conduct a httle even when not purposdy exposed 
to any of the ionising agents mentioned above this is 
spoken of as spontaneous ionisation, and is due to 
some form of ra£ation always piesent 

The act of lomsation in gases really consists in the 
detachment of an electron firom a neutral atom of the gas 
The residue of the atom is, of course, ^sihvely charged, 
and it consists practically of the whole mass of the 
ongmal atom it constitutes the " positive ion " The 
detached electron soon attaches itself m a gas to a neutoil 
atom, and it constitutes the “n^abve ion" it is thus 
that the mobilities and diffusion coefficients of negative 
ions are somewhat of tte same order of magnitude as 
those of the positive ions In fact^ both the electron and 
the positive residue attach fhemsdves in a gas at ordimuy 
pressure to neutral atoms and molecules^ of the gas, but w 
the piesBiare is leduced the negafcrre loa thtOYra off ra 
atteadants, hence it is that m the Tacnnm tube the 
electron tiavds •' free " The « chaige ” on the negative 
jon IB, of course, the deotroaic chaige ttie " charge on 
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fhe pootnre ion— the atom wludh Im had one deohm 
knoeMootafriH-Mnninera^ 
eases of only one election is q ectro nom m 

fthmit hut Thomson’s poeitiTO lay expenmemts ^ 
tiirt tike riow moving powtove i^fs may oetsw 
BBvml elections feom certain atoms (eg the loausamon 
amsmuiyatommfluBvmy may con^ in the ejecfaon ot 


A ges may be put mto the conducbng state either by 
the extraction ef^deofanms from its own atoms, as 

above^ or from the atoms of the ocmtaiiuBg vesscif 
etc The foUowing summanses the chief methods *— 

(a) By passing X-iayi, Lenaxd laysi Oand mys, <» 
rays ftm xadm-actm sabstaiices (a, p, and y lays; 
tfaiongh them 

ft) By idtm^violebBghb (Art 820a) 

(a) By nusmg the tomperatoie Clftses near flames and 
hot am fimnd to oonduct Phtmnm heated in a 
Tact mm was found to oS both poBrim and negatm 
paariiideSt the l a t ter beum electioiiB and the former the 
insidim of the atom otw metd if in a gas thqr ocn^ 
dense mdeculfft of the gas xound them to fomn ions 
(Axt 888d) 

(d) By the ebetnc disdharga after the first spsxk the 
disenaxge place more leadifyf due to iomsataon 
Millikim has done much work on the medhanism of 
lommtioam gases, and httconidnsi o iis seem to be^ — 
f 1) Ibniaabon by j3 nm (dectacons from xadianelsTe 
booies) connsts m the «Winng off, without any appreci- 
able energy, of one deobon mm an oceasioiud mi9nciile» 
through which fhe B ray passm The faster the jSny the 
lem tfeq[iieii% does it ionise 


^ xomsation hy X-rays and light eonsbts m the 
tbiowii^ out of one deotron from an occasional molecule 
over whidi the wave passes Tim energy of egectioa 
dqMsnds on fhe freqaency of fhe inadent wave, and may 
be neat 

(Q lomsaboaby a rays (atoms of bdnun firom ladio- 
aehve bodiert consiats m the disking cfE of one dection 
tlm mofecmle through wbidi the « inj pa^ 



rrt r>*‘aii5T or Txrcmrcirr rssorsr a Ois 

**** s*-*^ T»y^lrz raj" riar bs ::V* cstj^ 

-•.-i: £r:c: &:: It h qzi^r o?r:ssTai::e 



C25. Tlttai&ii cf 2itarErCBies.t.^Tl^ c:::«r- s. ft*, 

2 •a!**-, sr roo-raV *3 cer:»“mi 

L fairs.- •-•-‘'jr. A fl»- •sttr^^cr or ^'5 lea! elactro- 

r**-;i*- c-r** H crftw-i 11“ C I* lia capustr cf S5» ewscrt^- 
•s# 'A^ cr 3CC r tit ra* c£ pctcri^al per Cr if 

^5.5 crsrriit £r«-£s:f 

Tb« -'xts c^ Chirac: e*^r:r^I^^•-Er srsarj » taxi 

bafrr s* tr* tsrtrsstaci v^- 237-" 

Tls xrss ra-erta^ 1: j C, T. 51. 

Vn^-^ I: rTssitr o: & nsfiD^*aiar> csl-sJ i-sas bex pc-35«S 

Tpitc ii:!« St C*s=i5 iJ 
(Tic 5C»S^ orras^CtbRS 
s= ££F£^*«d rs5 
ca r - yx g s Icwa ^t« P 
vizSi saa^T £!If xp tbs 
erf £* 1X5 fclsctrawr^ 
"wHIe trrcsga U pcf erii » 
-»^-5sr£x*5d xfftal jrf 

p=*3p5£r^T=??Tf=^-* 

Z«LI iiT. JlX5 JSSZ 2E SOTSt S 

r^. "r:5CTyi£a srf ebzcli 
bs fert Soeg essc^ eX to 
restb fisns! to pr TT* Ss s 
V^SZTT ters?^ VElJh lU 
raxSoE if Dbrarrrf. Xt? 
iartlisiaa at C =sr be 
*"Li3c:te. :ifct st D =:;3t tft cc rcssts. TTbes =a e» P 

irbe-"^CT?£to «E- Ifr'^T^SE. ssatbeiarE^sset ssp*S3^^ 
tx c JTiEe prfTO ii\ zSsrzC to skmk ^eceteuss- -.xs 
5 S 1 S 5 J =■ CETtbsdt Kjs 11 is it i srf to *bs 5sr£xtrf rpsc= =» 
V* TEXtE* is £rrfEK As tbs Ttrltsce oi srstes tsses 

i« *ttrsJ?;<sa :~ews# i*.~aa3 J'S' arTBsssi 5* aassra a 
—srasKpe ei*sw3 to lo-fc ArosA lis ^rass^r. am 
ts aicst 1 £xS3sti-=t =:% aac s * ssm^Jw 73 ^® 

’■‘yl -^T^-g s^rtt 1 tt:-. ior oos tEEtb of * rai t^ saa s ->■■ 

ci tifaf cac be ex^I? rerf ‘ri& s fwsd rf=r»x ?5 itosaMa w- 

XE erv^soe 9cs^ 
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S86. aea«EidXdoBBO&GMCoiadiMtioa--(S}Satiixflr 
tlon OnEEO&tr-Let 
OaodD 605) 
iqpiesent 1nn> lasn- 
lated pBialld diacs 
placed Buode an 
eaxtbed metal Tend 
S Ouattaeihedio 
a batten J? of many 
oeDs jOTjoeaiu of 
aaeatfihediriiemait’ Fig 605 

ingGontaotmfhliie 

l^tes of tbe odb tbe Tdtan ob 0 can be vaned irifitia 
mde hinite D u irdl mimmied and atteobed to one mnr 
of qnadxaafB of an deettometer or deebroeci^ T, the other 
pair of qnadraata be^ eartoed Zia a njl^irludir 
maj leaulf be earthed 0 ia an earthed tobe-gnard to 
TOoteettoeimefra m JPto r&om ertemalmdaotHai effieete 
!Cbe air in Sbenm lonued l^aonu loniaiiiff a^t^ 0 u 
dhazged anooeadnlyto drSermroltamaiutoe onxrent 
flovmg from 0 to D obserred B toe plate 0 ia eon* 

iMoied to toe oegatm 
pole of toe batten it 
xepela toe nwaioTe 
uma to JD, vhiw tons 
teeema a negaiiTB 
diaige If 0 ia poai- 
tore D lEoeiTes a 

pontiTe dhaige The 
leaidte bong jotted, a 
eonre lihe 606m 
Potential differaiiee. obtained 

At first toe enr re u t 
Ag 6DS meteBaea ahnoat ao- 

A. Ti-«, T. . cording to Ohm’a law, 

te astoeFD^betireentoeplateainoraaaeBtoeennentiib- 
•®eeBB8{ tom m aliom 1^ nbe tidng part of toe cnrre in 
^ 606 ‘When toePJ} readiea a'valnezepieaen.t^br 
Qa a certain o ortent mflowmg TThen toe pId incrmsm 
bqyond Oa honerer toe on rrent xemaine constant and it 
confumes to ba oonatant for a big in nwa ae m PD., 
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tmtil in fact a FD lepresented bj Oh is apjJied thiB 
constant currant is sbown by the honzontal past of the 
carve When the P D incteasea b^ond the vslne Ob the 
cnnent agam increases this is shoTm by the nsing part 
of the curve on the right* The praoticanj constant cur- 
rent represented by we honzontal part of the curve is * 
called we Satnratioii cazrent* 

When the F D is low only a few ions are able to reach 
the plates before recombining witili opposite ions and the 
current IS small As the FD increases more and more 
ions reach the plates before recombination and the current 
increases Between the F D ’s Oa and Oh all the avaalable 
ions are dnven to the pktes and the current is steady 
Beyond Oh the strong P^ canses the urns to have such a 
veloQiiy first the negatiTe ions and then the positiva 
ions produce fresh ions by colliding with moleGUies and 
detaching dectrons , thus ine current again increases 

If the lOZusatLon is meiely ^ntoneous loxusabon, a 
F,D of about 10 volts per cm produces the ionisation 
current^ but wr^ agente such as X-rays, radio-active 
bodies, etc , the ionisation is so great that a mnoh greater 
voltage IS necessary for saturation The same happens if 
the distance between the plates is increased for more ions 
are produced m the greats space Thus for the same P D 
between the plates fhe ourrei^ tncreoses as He plaies are 
dravm fioHer apwrt The student should note this dif- 
ference between the laws of conduction through gases and 
that of conduction throT^h metals, VIZ Ohm's law 

If the ionising agent is removed the current drops down 
to the normal air current m a few seconds This is dueto 
recombination oocuiriiig between the positive and negative 
ions 

If Q ions of each kmd be produced per umt volume per 
second by the ionising agent, the total number produced 
per second ui the space between the plates will be Qdl, 




31 aU these ions are dnven to the plates before any recom- 
tahe place we evidently have the saturation 
current I, hence, if e be the chaige on an ion, 

I^QAle .. ( 1 ) 
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The BBibnaiion eoximt ia, ’BuEefan^ proporiioiial to 1, fhe 
diabmoe hefeween Bie phdia as mdieatei above 
Whea a pontire ua and a nmtiTe one cidllide fhej 
maj oomibine to fom a nsotral Jf at ai^ instaab than 
am » una ot eaeh bad pet omt toIiudb the amober o£ 
eolhaoiia per aeoona mil be proporbonBl to »*, aod xf a 
eertautfiiaetioa A offheaeoolMonBxeanlisuiBieforBia* 
turn of a nenbal, the number of una of eadi land dia* 
appealing per aee^ per nmt volmne mil be The 

leaidtaiittwntBof xnBteaaeof lonaaf eaQhhindvrni be 
the diSennee between the number prodnoed per aeoond 
and ibfi nnmber diaappeanng per aect^ t.6 

^=sG-Ai^ (2) 

and if the umaatum ito ooDBtaiit da/di will be aero, and 

0=A*^ . .. ...(S) 

Again, when it PD, S exiata between the platea 
oonent la gneu bj the prodnet of the munber of 
eroBamg a Beetmn nonnal to the motion per aeeond, the 
diaage on an un (a), and the potenJml gwd iijmt (Sfl ) , 


■e*ee « o*a*« «« 


t=:Jne(v^. + v-)^ ( 4 ) 

where and ii_ are the mobilitiea of the poaitive H.nd 
negative una leapectnely, i a their velootm nnder out 
potentnlgradumt, henoe 

T gp 

or, auue Q s An*, 

Hewmthe ea% atagea B» ennent i la praportional to 
a^maat ahm^, for all the other tenna on the 
Jiana odo 0X6 ooniwiit 


■ («) 
.(6) 


W. Qene^ Xflau oa, Gaa Oonfinotion— (8) Shota 
lOM^^penmonta have shown tint the 
nemtm ion conauta of a negative corpnaele either 
or loaded np ly attraoted gaa mblecnleafwhilB the poaitne 
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ion consists of an atom o£ gas wlncli has lost a corpuscle 
also citlicr alono or loaded up by aUondant molecules 
Tho masses of posiUvo and ncgatiTo ions are thus com- 
parable TTitli the molecules and atoms of tho gas, bubtrhilf^ 
tho mass o£ tho positiTO ion is approxinmtdy tho same at 
all pressures, tliat of the ncgativo ion decreases greatly ns 
tho pressure is decreased, shoaing that at low pressures 
tho ne^tivo corpusde throws off its attendant molecules 

Oondensaiion oxponmeuts (Art 320) hove shown that if 
tho expansion is sufEciont to bring down all the positive 
and ncgatiTO ions, the number of positive ions is equal to 
the number of negative ions From this it follows that 
smeo tho gas was electncally neutral to begin with, the 
charges earned by positive and negative ions are numeri- 
cally equal The chaigo earned by an ion is independent 
of tho nature o£ tho gas, and the gas ion thus differs very 
much firom the ion of electrolysis (see also Art 828)« 
Townsend has shown that even with the strong lonisationB 
produced radium only one molecule of gas out of a 
hundred miUions is ionised per second In weak dectnc 
fidds only the negative ion produces ions by collision, m 
strong fimds tho positive ion is also able to produce ions 
by coUiBion , this explains the nse of tho current curve for 
large voltages (Fig 506} 

With r^^ird to me negative ions in dry air the followmg 
pomta may be noted —If IT be the eleotno force in volts 
per centimetre, and P the pressure in miUimeires of 
merouryi then “(1) If VfP bo less than 01 the ion is a 
negative corpuscle loaded up by a group of molecules 
(2) As V/P increases from 01 to 2 ttie mass of the ion 
diminishes (3) If VfP exceeds 2 the ion throws off tho 
molcchleB and is a free negative corpuscle or electron lu 
the cose of the positive ion the only change is perhaps from 
a small group of molecules to a single molecule or atom 


328. Dotermiaaiiott of the Velocities of Gaseous 
Ions.— Eutiher&rd made use of the relation (4) of 
826, to find ( 0 + + vJ) The current i was ohtaa^ mm 
the into of deflection of the electrometer needle, toe 
ionising rays were cut off, a very high P D. then suddenly 
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awliGdi dzmng all the lozia to the plates, and the 
enaEge uadi ms, thecoEore^ hnown froin the cdestrameter 
deflection ISTo^t ^ 

(B++o=3;^=-^5ap. 


{bva (« 4 - + v_) u launm Zdei^ £ainxid v-/t>+ nobug 
the cueolino fi»oe nqtund to aa urn agauut a jgu 
sun^ng 'With a oettam vdooii^ in the opponte direetMin 
From the two ismiltB omcL o_ ate delaraimied 
Aootber method u as foiOovB Xmagme^ two paralleL 
platea P and Q imHUtanifld at a fixed potentiid duntenee^ 
and 1st ions be prodnoed near P , iona of one rign 'Will gtra 
TO theur dhaq^e to P, and the othere will monre towards Q. 

as thcw are about to leadb Q imagine the field to be 
nmsed, Uw lona vdl be dnsen bade towards P and a 
finab set oC opporite riga wiU move towards Q Jnst as 
ibw ate about to reaeh Q ima^ne the field again tsvened, 
and so on By a caraEol arrangement of an ei^enment of 
this bnd and a noting of the time between nrotBala, for 
whiflih Q IS on the pmnt of taknm a charge, wa obtain 
the tiineinqiiiredfow the ions to timeffiie distance between 
iiie plates, and, fherefoie, the velaeitijr of the ions Many 
other methods bare been used 
Espenment shows that the plate Q tshes a nqptrre 
charge sooner then a porihTe one, the wdodlw ^ 
negatire »ni is, thenfon, the grroter , the lollowuig 
numbers may be noted — 

*+ V- 

dxr 1-86 187 


Felmwi 1 48 2 08 

pnms Tslvn an fur lona pnidaeei Igr Blhitaaa »n Tfaa 

TClonticaaminem per aeo , the potential endiant liemg one «(At 

per on ) 


comeotion with the nobilitiea of lona in g — t •— 

(a) Ihe mobility of n poeitiTC ion dependa not on Oo natnn of 
the pea ont of whieh itia famed, bnton the gaathrongb whidhitia 
pMBng 


31 urn B 
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((} The mobility is independent of the tempemtnre if the density 
of the gas is ooDstanlib 

(e) The mobility is approximBtelj inFeraely as the sqnare root of 
tile density 

{di There is a oonsidexable moreose in the mobility of a negatiTe 
ion Khen the pressure is redaoed below a cwtain vaiue , at vayiov 
pressures the positiTe ion also shows an increase in mombty 

Two tiieonea have been put forward (1) tiiat the forces between 
ions and molecules vary mversely as fifth power of tiie distance 
between thenii (2) that the action between ions and moleanlas is 
similar to impacts between hard elastic spheres 

Thomson has shown that (a) follows &om the first theory if an 
ion 18 a blaster havmg a moss mneh greater than that of a moleonle 
of the gas through which it is passing » that (h) foUows from the 
first theory , that (e) follows from the second theory if the ions m 
the ranoas gases base the same ausoi and it follows from the first 
theory if all tlie molecules in the ga^s exert the same force on a 
point bharp at the same distance , and that (d) f^osra on either 
theory if the ions dissociate at low pressures so tuat free ooipusoleB 
ate brought into existence 

Enkson's latest results seem to indicate that the mobility at 
constant gas density does vaiy with the tenmrature, the positive 
ion having a maximum mobility at about Qr Q , the nemtive ion 
showing a maximum alao, but bemg more uncertain m its behaviour 
No de&ite oonblaBicHiB liave yet been drawn from tins 

828a. loiusatloiL by Collision— (1) The Negative Xon — 
Beferenoe has been made to the foot that the nse of the curve (Fig 
506} when tiie voltage becomes h^h is due to (he foot that under 
the influence of the mtense field the nemtive ions and (ken the 
pomtiTe ions acquire such a velooity that tiiey are able to detach 
electrons from the molecules of the gas by obUiding with them, and 
m this way (ha number of ions (and therefore the current through 
the gas) 28 increased. We will consider first the case of the negative 
ion, assuming that the initial ionisation is produced by ultra-violet 
li^t falhng upon a zino plate 

^t Sq he the number of electrons emitted in one second by the 
motive plate A (Fig 506at) these negative ions moving immediately 
aocoBS the field with the appropriate velocity Let a be the average 
number of new ions formd by one of these negative ions in moving 
throngh one centimetre tow aids the positive plate B Imagine tba^ 
when ionisation by ooUisicm has set in, there are n negative ions m 
the space between A and dx In gmog throng dx these will 
produce ondx new lona Calling tins an we have — 

da s andr or dn/a = ocfo 
Jog rt = a» + ^ 


IntegratiDg this 
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Ehm JT u a oonstaab Bat»Kiit'whtti»>"O;lieB0e«iittb- 
8fcltiatlllgt-*lQgll0» f 

•. logtiaoap+loigflq 


logJSL. 

«d 

n=e“ 


OM 


42C 


Ml 

Thg 00«o 


«• 

TfanufheiiiiialMr of tons xwdmig tha plate B 
‘Will be given by — 

Tffbm < u the diefeanoB beteraen the pUta 
The tomnda above fits m wbH viih expemnenta With air at 
imm pcenma and a 6^ of 700 velte per om as816 

888b Xoaiaatton by OolUaioiir— (8) THe PositiTe Xoat — 
The tbeoiy cd the pteoed^ seotum nay XMvr be eztexkdcd to 
the pontm u» Xeit «« be aa berate the number d! deohraos 
emitaed at the nno plate A per second (Fiys 60Qt]^ and n the 
number zeaolimic B Let • - • - - . 

ooliiaioBmtbs 


S IiBt Qt Qs be the irambera'pcodnoed 
apaoes as shown Olearly 

«=i«o+Oi+®i m 

Again He 4* Qi deotaons (negatm ions) pass fix towards the 
m one seem end positive ions vm the other way Let 
a nave the eame meanuig aa before and m /X 1» the nnmber of 
eleetrans ejected QOT edhsioa) liy a ponfeive ion in travelling one 
oentinetra m the dueotioa of the fidd Henee — 

= («o+ Qi) «d» + 

for both aidee denote Ibe nninber of deotsona lonned in dw 

42i 


i 

t 



— t 





Q, 


_ (ao + «,)a + ft(* 

" V + Qi® + Qtfi 
* + Qi® + W* - no - Oi) 

B a - rq - Qj from (1) 






ng am 

thtidntioiitoiiliiohu — 
«t + Qi 


®** ^(*o + Qi)“(a-P)(»o + fli) + i^ 


a-p 


m 
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where Z is constant When s; = (7, Q| s hence — 




Xt ^*7!p + 


RjS 


When » a t, fip + s n Hence snhstitnting m (2) 


■ft 


If /9 ss Oi this reduces to — 


n=snoe 


(3) 


as obtained in the preceding section PositiTe ions do not lomse to 
the extent that negative ions do owing to their smaller velocity 
the positive a par&ble, however, ejected from radio active bodies 
travels with a velocity of 2 x lO’' oms per second and bos greater 
ionising power even than an electron 
The formula developed above fito in well with experiment For 
air at 4 mm pressure, electric force 700 volts per om a s 8 16 
and j? » 0067 


328o Decay of loxusation when the XoaxBmg Agent is 
Cut off — It hu been indicated that the ionisation of a gas exists 
for a time after the ionising agent is out off but that it finally 
duappearB The law governing the rate of decay may be detop 
minea 08 follows — 

By (2) of Art 326 — 

where Q denotes the number of ions of each hind produced wr unit 
volume per second, n the number in emstenoe per unit volume at 
any instant and 4 n* the number disappeanng per second from 
unit volume 

If the lonismg agent be out o% Qs^O and — 

f--’ 

~,dn = -4d^ , 


— — = — 4t + jsr« 

fi 


Integrating — 




Fig 
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Ntnrvhenfs 0,tt at the nntanl the le oat off let the 
ioni pvr unit Tolniiiu » Uq Tutting 0 udovo 


MR — ^ 
RTRBAM...^ 


EARTH 



( 1 ) 


TO 

ELECTROMETER 

A 


BULB 

Tig GOBe 


Tkoi ID tUDB t e 1/ AUo ^ ^ ^ I f tiu 

lODiMtum wSi huTB folten to In^ valuOi RutherCotd \enfied tha 
above expenmantBlly 33ie Minmiig agent vrae out off and, a^ 
known tuna, the lona wen dn^an to the ^tea a ateo^ field 
and the ehf^ (bci 4 noted Thia waa repeated for Tanona tune 
intemla 

The Qonatant a » oalled the geeamblnatKai coafioieiit and 
one method of defeernmiuig it la aa fbUowa —A. wide metaUio tube 
B (Tsg fiOfie) fitted with a gau» aoceen D la oapaUe of diding m 
the tuba A, these tubea bemg kept atm^ obaxged by means of a 
battety> Aataeam of gu la eeiued to pan throcuh m tnbe^ the 
gu being lomaed at Jf TbeaeioupBntfaroagjh^&t^ar^ imer 
the aotion of the fidd, eolleoted by ff ae that the deotcameter u 
defteoted The ohasga reoemd per aeoond ia noted (1) when the 
dutanee oD n f| and^ when the distance oD la ^ 

Nowlet vbe themoQityof theennentof gas akmg the tubes, 
8 tin seotumal area of the tabes, Ui the xona per o em at D when 
oD » the ions when oD is U and etheumiodhatga U Q| be 

the dtarge per seoond xeeuTed w 0 when the AntaxM u L and 
Ciwhenxtufs 

Qt»Ai|CD and 

and the time i taken by the ions to nun a through the length 
isgiTflnby<>8(2|- (|S/v Fiutherni •> Qi/dkv and ntmi^Sau 
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Agnm from (1) abcno 
fall from n| to tia — 


a J — L 60 that if t be tlio time to 

n fio 



SuzQi 
k-h ViO* 


Rutherford obtains A for air a 1 5S x for bydrageo 
1 42 X and similar valncs for other gases (the pressure » 
atmosphcnc) If ttb take A in round fignrea to be 10*^ ure see 
from (1) aboTO that if Uioro urcro 10^ ions per o om half of them 
tvonld ro oombino in one second 


S28d. Ions &om Hot Bodies — bos been LnoTm 
for nearly 200 years that gases m the neighbourhood of 
hot bodies boc^e conductors Bicbardsoa and others 
have ^own that if a platinum plate be heated m a vacuiun 
then at a dull red heat it gives off streams of positive 
electncify, but that as the temperature continues to nse 
this stream becomes less, vanishes and cbonges sign (any 
positive at high temperature is mashed by the considerably 
hirger negative) these negative particles are electrons 

Wehnelt found that this emission by hot metals Tvas 
increased by coatmg the surface with oaloium onde In 
the Webnelt-Braun 7alie the kathode is a piece of 
platinum coated with calcium oxide, and it is heated by 
the current ^m a batteiy The electrons pass through a 
hole in the anode and are then subjected to the influence 
of an electric and a magnetic field By the method out- 
lined in previous pages the value ejm is found The 
result IS rather low but near enough to show that they are 
electeons 

If the hot body be in air fhe electrons condense mole- 
cules of the gas round them to form ions 

Carbon is very efficient m the phenomena we are con- 
sidering The negative carbon of an arc lamp emits 
streams of dcctrons, which falling on the positive carbon 
keep it very hot If a metal plate be placra between the 




Fig Atfie 




CBS FABUQB OF BIiBCTBIOITr TBKOQOB A. QAB 485 

two lind» of a carlxni filamesit knm and the plate Im 
loxned to a gdvanoiiieteri the latter will he deflected when 
the other terminal of it u joined to the poettne tenninal 
of the kmp, hut not when it is joined to the negabra 
tenninal of the lamp This u used ]nEleittiiiglBOsama> 
Valve emploiyed aa a dateetor of eSeotromagnetio 
wares on the same pnne^ aa the carhomndnm eijatel 

(Obaptor 22) ^ a i. 

Owing to iho esusBiozL of cuBobons oy fta incandesoeat 

miB OUIjmg ft OfCHTBHlt fho ftUftOtlVO ftiTGft of fllB WI16 18 

moTBasodi 1 8 ft pftr^ current will pans outsido the 
wixe emuBiou of eleotrons by fbe sun baa been 
suggested as an es^^anaiion of wdl loumninagDetefliid 
electncol pbenomenui eg tiie Nortbem logliifl, m 

328eh 0. T. Bb UrdBon's XbxiisatiDaL Pliolmgrapl&sw^ 


ftble photogzftphB on ibe tracks oc a p&rticlesp etc f wbich 
not only i£xqw on many of Che fsets mentioned m 
eonneoiion wifb lonisaiuni but also on ntonuo slrucLurb* 
ionise some of the molecules thnnz^ whudi 
they jfflfffj these ions unmediately condense waw Tapour 
ftTOundChemselTeB fonning dzopletSt end these ara finally 
illmniwttea tor ibo short tone neoesssiy far ft ^tograph 


Fig 606d diows the effect when X-iays pass through 
mr The X^iays bntd etectxons from eeriasn utoms w& 
gieat energy and it is the paths of these deetrons lonismg 
as they go which ara dunrn hj the little wavy lines in file 
^uie u has been sfasted that ionisation hrjrX*myB(xm* 
siBts m the hurling of one deotron £eom Che atom and 
seems to be upheld ^Ibephotogni^, for if two or 
Chree decstrouB were hurled oub. esdi hn^t dot would be 
the startmg pomt of two or three wary lines and this 
IS not shown Fnrttof the foict that deotronB do not eject 
other deGtnmB from atomB with very great energy is also 
indicated m the figure, for if the energy of these seeondaay 
ejected eleeticoDB were greats each dot aJbng the path of an 
lonismg deobxm would be the startmg point of another 
wavy hne and so on Tins cmncideB with Biamrs* con- 
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elusion, VIZ that the bulk of the ionisation is due to the 
high speed dectrons hurled out by the X-rays, and not so 
much to the dectrons shaken loose I7 these high speed 
ones as they oontmue to ionise The curl to\ra.rds the end 
of the track shows tiiat tiie electron as it slows down is 
less able to resist any deflection from its sbu^ht course 
due to the oonstituentB of the atom through which it is 
passmg 

Fig 5O60 shows the tracks of a particles (t e atoms of 
hdiumfromradium) ioi a particle shoots straight through 
about 7 centimetres of air going therefore right through 
(not pushing to one side) nearly 600,000 atoms without ap- 
proachix^ near enough to the central nucleus of an atom to 
suffer dfifleotion at the speed with which it la travdlmg 
It ionises a good deal, hence the path in the photograph is 
continuouB Towards the end there is a distmct direction 
showmg that as the partide slows down the nuclei of the 
atoms be^ to defled it from its straight Ime track This 
IB ]ust what we would expect, for an atom is a kmd of 
solar system with a small positive nudeus and certam 
electrons revolving m orbits, but, neverthdess, mainly we 
might say, empfy qpace, and it is quite possible for another 
atom to shoot draight thiough ms atom without so to 
speak hittmg anyth^ or beEing deflected from its course 
y only it ts evMwed mfh sufficient speed Sometunes, 
however, it approaches an obstade and as the speed falls 
the tune thqr ui each other’s vicinify is greater and 
defochon ensues 

Fig 606/ shows the track through air of a particle 
(deotron) from a radio-active body The track is doited 
showmg that ions are produced spread out along the track 
The track shows a kum of continuous curvature due to a 
number of smaller deflections Measurements indicate 
Ihat this dectron went through about 10,000 atoms before 
it came sufficiently near an electron in an atom to eject it 
and form an ion— another mdication of the “ empty ^pace '* 
character of an atom «• 

The mechanism of ionisation hj y rays is similar to that 
of X-rays , electrons ore hurled from the atoms, and these 
produce o&er ions as they travd along 
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TBS rJL8M.QB 0? BLSaTBIOIStX THBOBOH i 4*8? 

A'ote-'IntiwfiAloviiig'imAednu^^ only approximate data 
an empk^ 


SxBiaiilm 

1 fftlmforihe Uilbod»nm b* i 
md « 6e ylO (hit </(iglU| Jb» (Ac ebetnH&XwjCeU whc 
aiftwalOan fengtmviigAaiZMtinieKiflmia 
IbFig 10, JBO s 1/10 

Hoir ^£*a£CI^-ilCf), 


promnu^ 


Vfeoa Axt 31? 


wamX 


m ^(SxlOT* i_„ 

• “ ’ eoO “ 0 X i6W’ 

61 vnifc 

and (me cAeofemtatn unit 


1 



8 2%attKiii6er</i80feeiitejMrau&i6eentemeCrs^affaaaf 

t»3x K)*^ (JS) Aamim^a 

wptKkf {Q iS&a on a cpijmsoM (i e tfte ejection) 

loom oCIqrdrogoantNTP « 9 X 10~*gnn , 

* Iffloio0id5of IqrdrogenntNTP « 3 X lO****gnii , 

te lBrtomofliyBmga&«^^^MX*BxXO **gxm 

A 

IDdoi^ tha mam of n ootpoaolft «s 1/1900 of that of n hjdngm 


1 eosviucilo » ^ ^ « 8 X 10 ** grm. 



latomtrfInpdrQganounea 9850x3 X 10^ x 15x 10"** ea 
iimia»or48xlQr**oa muta' 

BntthttuthoeloBtcoiiioflbaigB; hanoe 

SlootroiuAidiaff8o«48xlO"**on wita 


8. l^aoo^ffeienC^iRmon^^airia 00015 
man <ifawatr drop tn Wdmi expmmBtU tthtAftilU at Hke rate 
qf 02 cm jKr aee;> and ike eUetneJldd vAuA imB Xeqp lAe dryt 
datiy tfihe d^orya on tt t« fht dBctemie eharffB, mf 3 x 10"** < t 
imX 
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Here (m Stokes* formiila, Art 320} v ^ HI, p s 1 , 9 sr 9Sl| 
ft = 00015 On substituting, 

^dius ^ a ss 000117, 

BEass = Yolamc x Density s= jm* « 6 7 x 10“** 
n X be the field required to keep the drop stationary. 

Upward force s Dcnmwazd force 
eX ss mg 

(3 X 10“*»)X = {67 X 10-«)931, 

X » 21*9 e B imits 


Exercises ZXII. 

Section G» 

( 1 ) Descnbe the general character of the discharge in a partially 

exhausted tube (B Sc.| 

( 2 ) An eleetnfied putide traverses an eleotnc fidd, the intensity 
of the field being normal to the onemnl Erection of motion of the 
particle Find an expression for the deflection of the parCade 

What other e^enments must be made m order to detersnne the 
ratio of the mass of the particle to its electric charge * (B Se.) 

(3) Hotr mar the electncal conductivity of an ionised ms be 
determined ! what is meant the saturation current^ (B So } 

(4) Two metallic plates, sepaiated by a layer of air, ate connected 
with the opposite poles of a mittexy, in wmdi the number of odls 
may be increased mde&itdj. Trace the cha^e in tiie zdation be 
tween potential difterence and the current^ exp&imng those changes 
in terms of the ionisation theory 

How would yon measure eimnmentaliy the ounents in rocih a 
case? {BSaHbns) 


CHAPTER XXIV. 


BADiaAmviry 

829, SAdio-B 0 tiT 0 Slemenis. Shree of 

Badiatloib— In 1896 Becqnerel disoo^eiedflKBtiDfaiiim 
ood itBOomponomdogaTeoatTayB winch afiaotod a photo- 
gmplno plate aakl umued a gas just bke kathode and X 
xa)! do, and m 1898 the same thing was discovered for 
thoxiiuii; sabstanees whidi act m this way axe said to 
be raditKhOiekM Jnst after these discowies u and Ifine 
(hroniadBasjBtenioto oltherafdio-acbvifyoCnuiiiy 
mmersls, and hamg disooroed that radio-aotim^ is an 
atonueproperfy, ben^ miuiwisedependentonlhedheiiu^ 
combmuum anteied mbj the denmt, found tlmt some of 
these nmierBlB, pitchblende and chalodlite in porbcalai, 
were moie aetiTe than the amcnmfo of orannim and thorium 
th^ contained would justify They oonduded from this 
that these nnnexab etiui coirfoin aactker active AmenA^v^ 
foom a ton. of uranium lesidnes from pitchblende fiiey suc- 
ceeded in isolating 3 giamine of a veiy acbre dement to 
which the name radium was given Inoidentalfy a less 
a ofave dement winch they ealld polonium was also dis- 
coveted IDne (June detecnimd the atosiio weif^ of 
ndinm and found it to be 826, yrbush places it in the 
penodic table m the same colnmn aa the metals of the 
a Healm e earths and m the same row as uxanium and 

fhmnum, whiM Ileinaxcay esaxninedifo speels^ 
it gm new lines, fhasoonfirmiiigtliat itwas anew dement 
A th^ strondy radio-active body was idwifafii^ fa pifeh- 
blmdel^M l>el)ieme,wiK>nameditaotin£ia^ ’Ba&axat 
polanhim,Bndaotiiuiimhav8as yet been obtained onlym 
veiy small qnantities ^ 



m 


BAniO-AOTrVITY 


Three methods hare been employed m measurements 
connected with the mdio-actiTitj of bodies — 

(ft) The action of the rajs on a photographic plate 
(6) The fluorescence produced by the rays on a screen 
of zinc Bulplndei banuxn platino-cyamdei willenute> etc 
The ionising action of the rays on the snirounding 


E^s 1^) In 1890 Rutherford examined the xadmtton from ucaorain 
i« owotn<^mclhod> the appamtiiB bmng similar to that shown 
nramum oonmnnd was placed m a recess in the 
plate <7 The epaoe OD was elcctncally saturated and the satnra- 
obtained first with the ntamum uncovered and then 
wito tee nraninm covered with diQerent thickness of thin foil 
j ourrent with tee number of la;\era of foil he 

ae^oa that tee radiation from utanium must consist of three 


kinds 
diflienlL 
thin foil 


® P*fft MSily absorb^ by thin foil, (ii) a part more 
^OTbed thin foil, (ni) a part hardly al^m at all by 
in aiatuigaish tlieso rays from each other he called them 

I miTB T» 1 


respMtively From his results he calculated that 
te^c tajTB are reduced to half their initial 


aaab w bucic iuioiai Tamo oy pawin^ 

^5 cm of almmnmm foil,th6fi nystohalf value ly 1)3 cm of 
**?«I^*2f*^ I ' y ^ half value by at least 8cm of foil, 

BO teat we powers qf penetratton of the a, ft and y mye are 

08 1 100 1000(K He also teowed that for a thin layer of un 
lOWlOO ^natter the recite lonmtig powers are as 


Rutherford showed that tho a raya are positively okawed 
paraoleB by deflecting them by a magnctio field The rays fern 
roaium passed upwards between a senes of vertuwl parallel plates 
ewh provided at the top with a progeotmg rs^a at one side, then 
terougb exfremebr tbn aluminium window into an eleotrosccqie 
teerew lomsing” and causing a collapse of the leaves A mag 
neuo flolQ was tlira applied in snob a direction as to deflect the a 
to the nde of the plates oarmng the ndge, in which case 
Y j *^®t ®nter the eleotrosoope BVom the known direction of 
tee ma and the direction of defieotion it was proved that the 
parboles wore positively charged A sbrenm of gas passed down- 
T apparatus to cany off tee emanation” 

335) It IB mentioned above that ionisation is mainly due to a rays 
(3) M and Mme Gone showed that tke fi xays axe negatively 
ehiurg^ pBvtioles They embedded a thick lea^Iate in a blook 
of paraffin enclosed in an earthed metoi casing Ihe casmg over 
one face of the block was very thm The lead plate was oonneoied 
to an electrosocme and the thin part of the casing was held oier 
some bannm-raainm ohlmnde. The lead became inoreasindy charged 
with negative dectnoily Binoe all the a nys ore absorbed hy the 
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mass of a liMaim atom Tho charge on an a particle m 
Uten the electronic charge Since helium is always found 
in coinpanj with radio nctuo Imdics, Kufhcrfoid concludes 
Hint the o particle is au atom of helium, or rather that the 
a particle, affor it has lost ifa positno charge, is an atom 
of lioliiiin He has coiiflniicd itiiB with (ho spectroscope 
Most of the energy cmittedbs n*dio actno bodies is canm 
h\ (ho a mss During the flight of an a particle through 
a gas it knoclas off negaliso electrons from many of the 
atoms and is thus an cflectno ioniser (200,000 ions per a 
particle}, rapidly spending its onergs in the process The 
oxpnlfiton of an a particle from an atom being the result 
of an internal explosion, tho residual atom ** recoils '* The 
OTistcuco of thpso recoil ntoins lias liccn shown in many 
ways Further, tainng the a particles to bo lieimm, one 
gramme of radium m equilibrium would emit 175 cc of 
helium in one} car, (ho amount nciually obserrodis 170 oc 

331, Tho p Bays.— Tlicso aro more ponetratmg than 
the a ra) s A thickness of alunnmum foil equal to 5 cm 
IB required for compicto absorption Owing to their pene- 
irnlrng power thoy nro easily detected by photograpliy, and 
Bccqucrol b} photogniphic methods measured their defiec* 
lion ID a magnetic field and found that c/tn was sety nearly 
1(F clcctroinaguctic C G 8 units per gm , that v was from 
I 6 X 10'® to 2 8 X 10" cm per second, which is ncaih 
equal to tho Tolocitv of light, and that their charge was 
negative The} are tnoreforo identical with tho electrons of 
tho kathode stream Tho P particles from radium have, on 
the whole, higher velocities than those from uramum, bub 
these latter are more uniform in velocity. The “ mass ’* of 
tho P partido increases with tho vdociiy (and therefore 
e/m decreases) ; tins is a consequence of the electromag- 
netic theory, as will be scon later 

332, The y Boys.— Tlieso are extremely penetrating 
rays , Butbcirord bas detected them after they have passed 
through a foot of iron They readilj excite luminosity in 
xanouB platmo-cyanidos and in willemita (rmc silicate) 
after passing through half an inch of lead They cannot 
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be deflected u a imuoMbo field, ao that it eeenuihej ate 
ootaatteamof deotalfid paxtudes From ^ aunuanfy 
of tfaair actum to pe&ebaSmg BSntgea taja it baa been 
condnded ibat they ooiudst of poises intlw astdus of 
veagr dunt ‘crave Isagih. geaecated when an eleefenm 
is eapeOed fiwa an atom. This rtm is bwne out I9’ 
tbs fact that these y nj» aocompanj xajs aaid are pto- 
porhonal to them Beont mvestigahiHia on tiie abmep- 
tum in alummimn and lead of 'the y rays from Tadinm £ 
mdieate tiiat atneral senes of ehanetenstio raffiaHnim axe 
present and that the 7 rays conespondtol^ natoral modes 
of ‘nliratum ci the mtemal stnwtnie of 'the xadionuitiTe 
atoms 


Xhe 8 BAys«-~81o'ffly moving negafxve eorpusidsB 
hara been detected by Thoinson irbieh ate very similar to 
the ^laya (elections), but cdndi do not ionise owom to tW 
lov -fdooiiy , these bara been called 8 rays ^%e immt 
vdoeify for umuatunisSfixKf cm per sec. whilst the 
velonfyofthBdtayaisSfixKPcm persec 


sad. Pete emtiia B oii of e/m and « fim the « and P 
BayBr--Q) aBopt In Fig 508 Wm a groove eontanune 
a wve which has been rendered aetave W 
espoante to radium emanatum The a rays 
paaa thxoojdi the sht fif and &11 im the photo- 
graphie plate P, thevesadiseshanated A 
mwi^o fidd n applied paxaM to the wn» 
w^fhna defleehng the nyato one side 
^ field m then xevet^ thus defiedang the 
to the other Bide If d be half ^dis- 
tance hetneen the banda on the plate P, r 
the ladiM of the onfie deaenbed by ^ SSg eo8 
ffly* P i™® dutanoe between P and 5, v> the 


J P 


w 


(p + «) and 5i2. s jHr, 

« ’ 


.. _* - 2d 
** me iip(p + w) 


• ( 1 ) 
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The apparatus is Bomevhat modified for the «»li»ntiyi<i fatic 
deflection The rays from the mre pass up hetrreen two 
vertical parallel plates ( 21 mm apart) kept at a F D X 
bv means of a battery In passing between the plates they 
descnbo a parabolic path and on leavmg proceed m a 
straight line to the photographic plate P ^e field is 
reversed as in the case above If p, be the distance between 
- P and the end of the parallel plates, q the distance between 
the parallel plates, and D theustance between the extreme 
edges of the deflected band, it is readily established that 


mti* Sptj[X 


( 2 ) 


From (1) and (2) e/m and v are determined 

(2) /3 Pays — ^Thepnncipleof the method is as follows 
The rays are subjected to superimposed mameho and 
electrostatic fields, the fields bemg parallel so that the de- 
fiecbons they produce are at nght angles, and the rays are 
received on a photographic plate Imagine the source to 
be P cm in front of the plate and let 0 (Fig 502) be the 
point of impact when both fields are absent 08 the Erec- 
tion of the electrostatic deflection, and OM the direction of 
the magnetic deflection When both fields are on, the pomt 
of impact will be (say) 0',in which case Os is the electrostatic 
and 6m the magnehc deflection, both of whidi can there- 
fore be measuT^ The calculations of e/m and v are then 
those outlined m Art 323 

fl%e value of o vanes, and as it increases, approoclung 
that of bght, e/m decreases, or, assuming e constuit, ihs 
mass m fher^ore increases wiih the velocity (see Art 838) 


As already indicated the value of elm for the a particle 
IB 5 1 X 10’ e m units per gramme, and for the j8 particle 
about 63 X 10'’ to 1 71 X 10’ e m imits per gramme de- 
pending on the velocity Little farther need be said about 
the fi rays m this chapter for the P particles are electrons 
(Ohapters .XXlil. and XXV ) 

33fta. Determination of e and m for the a Tax 
tiole. Identvty vnth Helium. — The action of mdi* 
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Tidiul a particles vas first made Tisftlel^ Sir W Croolces' 
fpiRttarmsps ISTeaur one end of a tube is fitted a saeen 
coated mth zmc snlplnde, Trhilst just in front of it is fixed 
a needle irlndli has been dipped in radium solutioa. The 


screen can be Tieved throogh a lens fitted into the other 
end of the tube If the m be first made sensitnre bj 
being m the dark for somemir mmuteSftlien,onexamm- 
mg fimscieenfflm latter vdl be seen to be twmkfing with 
pmnts of gzeenish hghL These scmtiBations are due to 
the impact of a rays lor if a suitable sheet of mica be put 
between the needle and screen so as to out off the a rays 
fte action cseases It mar be due to the mystals of 
mac sulphide bei^ fractured under the bombai^ment of 
the a pBitides am assuming that each a jmiticde pro- 
duces a scintillation a snitabls experiment or thia nature 
nught be amnged, the number or a particles counted, the 
totel diarge measured, and thus the diarge e onone a 
parfiele determined; this method was adopted Iqr Begener. 




® 1 

] 

•Sg-* Q^t=J 

ini 

IH^BSS 
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Bnfherfoid and Odger Trodced aa foUorra The ffl-n 
pomt Q (F^ 500) CBxnes the active material vrinSi ia 
efjeettng a tn aU direettmu, tho» falling on the BmaU 
opening Opaaringthionah into C The potential di&ience 
oetween th e vniB TF and the Trails at 0 is sneh that the 
aatmation cinxeat ia Sowum and the rising part of flie 
cone IS almost begimui^ ^conditionsaxeandithere- 
foie that the advent of an additional a nuride 
the oonductiTitf and ptodnoes a disrineb uinnr of the 
trrauter Bj no^ these, rite number n of a particles 
vrmch enters the chamber in one mumteGanhedctenmned. 

From this file total nnmber JF ghren out by 0 is obtained 

X ABDE 
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bj tho relation N/n = 4^/w, tiliero a is tlio solid angle 
subtended at G by tlie opening 0 With full attmtion to 
details it was found that the number of « particles emitted 
by Badmm 0 from one gramme of radium nras 3 4 x 10'” 
per second Finally, the total charge given per second to 
a conductor vras determined, tho /7 raj s being deflect^ 
amy from the conductor by a mamctic field Enovnng 
tho charge per second and tho uumhci of a particles per 
second, uio charge e on the a particle was found This as 
already stated is 9*3 x 10"“ c« umt or 3 1 x 10-“ em 
unit, le twice the electronic charge Combining 
ibis with the e/m value above, iiz 51 x lO*, we get m s: 
6 X 10-‘‘ gramme which is the mass of a helium atom. 

That tho a particle is an atom of hehum has also been 
demonstrated as follows — Eutherford and Boyds obtained 
some very thin glass bulbs ( 01 mm thick) which would 
allow a particles to pass through tliom and at the same 
time would stand a satisfacloiy pressure Badium emano' 
tion was placed m a bulb, the whole was put in an ex- 
hausted tube and the s^trum was examined when a 
ouiront passed through the tube For twenty-four hours 
there were no signs of hehum, in loui days helium Imes 
appeared, and in six days the full hehum spectrum made 
ite appearance As nothing Iwt a partides could get mto the 
ontei tula the conclusion was obvious ^at tho a particles 
were hehum atoms Finally, the experiment was repeated 
hut with helium itsdf undei pressure in the inner bulb 
m this case theia were no signs of hehnm m the outer 
tube thus confirnung the above 

335. Badio-aetive Chaaiges. (1) General —It has 
been condusively shown by Butherford and others that 
the ra&o-active elements are elements m a more or 
less rapid state of disinte^tLonu When a coipuscle, i e 
a P pM faaln , gets loose and escapes and when an a partide 
IS expelled tiie remaindei become a new form of atom 
As soon os on atom of one kind disintegrates mto an 
atom of another kind, this new atom also hegms dism- 
t^ratmg, and so on Butherford has shown timt the late 
of dismtogration follows a defimte law, which may be ex- 
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prBssod B8 follows — Xfit M 9 liB the mass of scbTO nietetMl 
inifaBllj present^ and Jfi the mass i seoondB aftarwacds, 
then — 

^ • • • •• C^) 

where e is the base of the XTapienan loganthmSy md y isa 
constant for the pextunilar substance (radio-aotiT8 con* 
stont) TTwiflA the tune T for half the substanoe to dis* 
integiate will be ~ 

ie!P = ^^ 

er and 7 = *^ (^) 

Tb taike an example in the oaae of xadinm emaaialdott 
— one ti fhe diamtegmbon prodneta of indnuo—the time 
T for Ittilf ‘ndne la 8 86 dnya, and UiereEare y far fihu par- 
tionlaz diBiniegration promot la *698/(886 x 24x60x 60) 
te 1/4SOOOO 

Again difEermlaabng (1) ire get — 

^• = -7af>“^=-7Mi. 

1 6 = yll (mmunoalfy) (8) 

from irluoh it foUowa that m fbe exam]^ talsn— zadinm 
emanation— onfy 1/480000 the nmnba of ««iatnig 

atoma dusntegiate per second As farther amunpliw it 
nu^ be mentiooed that the half lahie tima T for 
wnMia tio n a d iaint egaation ptodnet of thorium — la 54 
aeconda, ao timt 7=1/76. half Talne time for 
ladinm is 1780 yeazs 

EndentLy, if ire Im^ a qnantily of the pmnxfaTe 
aabatanea and aUoir nothms to escape^ ire shall haie in it 
a coupon of atoms of all me products of disintegratiim, 
and ^if we keep it long enough a atradj state wiU be 
obtained m wbmh the number of atoms of aajoneproduot 
A angin g per second uto the nest product wul be equal to 
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the number of atoms of the ]^oduct formed bj dismtegra- 
tion of the previous product The products are then said 
to be in a state of radio-actiTe ecLuilibnum 

In the seclaons vrhich follow the successive dismtegration 
products or ''sneitabolons," as they are called, which 
occur in the dismtegiation of uramum, radium, actmium, 
and thonum are dealt with* The disintegration products 
are all solids ezo^t the "emanations** from radium, 
thonum, and actinium These are gases which have many 
of the properties of an ordinary gas The three " emana- 
tions** are very similar in their general propeitieB, but they 
difEer greatly in their rates of production and decay M 
radium exists m the earth*s crust radium emanation exists 
in the atmosphere 

The curve, of which (1) above is the equation, is called 
" exponeaiasA. ** * it appeared m Chapter XVII when deal- 
ing with the decay, ^ , of a current m a wir^ and it will 
appear again in dealing with the radio-active changes m 
toe sections which follow 

33Sa,. — Badio-actilTe Chas^es. (2) TTranium X and 
Thozium X » — Crookesm 1900 uded ammoninm carbonate 
to a solution of uranium nitrate, and dissolved the pre- 
cipitate by excess of the reagent He found that the 
precipitate did not totally redissolve, and that the slight 
precipitate left was phitographieaUy as active as the 
ongmal uranium, while the uranium in the filtrate was 
j^otographicaUy inackve This precipitate he called 
Uramum X The two were kept apart for some time, 
and it was found that the solution wholly regained its 
activify, while the preciptate completdy lost its activity 

More recent exjienments have shown that the decay of 
photograph acidity of the TTn X follows the exponential 

law I, = and that the rate of recovery of the photo- 

graphic achvity of uramum follows the oomplementaiy law 

= where X is the radio-active constant of 

Hr X, this IS indicated in Rg 510 Erom the curves it 
IS clear ht XTr X &1 Ib to half value m 22 days, 
irhilst Uramum recovers to ibis value in the same times 
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at anj mfitaat the sum of Uie thIiibb for tlie two enrfOB u 
equal to on^pnal value 

^e ezplanafaoii of the above la anupleon thedismtegza- 
liou theoEj Wbfliii tiie TTr Z u amairated jErom the 
uramum it b^iins to lose its aohvily xhe unudinn, how- 
evoTt goes ou produciog new IJr Xai the same raie^ and 



thuB begins to marease in aohniy Of ooune this new 
Ur X bran to lose aotmty. just hka the Ur Zwliidi 
was separataC but the constant joraduetion Z 

eanses the aefaviiy of the uzaninm to uuseeee nntd the 
eq[aihbrnm oondifaon 18 readied* w^^ actmly 

per second of the Ur Zjpreeent equals tiie gam maet^ 
per second due to new Ur Z the mamum will then bave 




jflecfotml measurraents diowed that uiamiim lost 1^^ 
or none of its tontsahoa aotmfy on 13ie preoipitaiiioncf die 
Ur Z» and that the Ur Z was almost madave 
ZntiherEord bas explauied the above ou the aasiimplaon 
tbaturamumitBdf gives otE a rays, while the ifr Z 
into which it dismt^pni&B only gives ort rays Xhe 
a ray netiTity* and therofore nearly all tibe lonTM-tion 
actmly, la thus unaltered the removal of the Ur Z, 
while this removal takes all the ray activi^* and Iheze- 
fors nearly aU the ^togzaphio aotmty , with it. 

Bniherford and Soddy precipitated thorium from solu- 
tion Igr means of ammonia^ aam found that die sohitum 
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vludi 18 hee from fihonum possessed ilie greater part of 
the activitj, whilst tilie precipitated thorium had lost the 
greater part of its actintj The new substance was called 
Tlionom X A£ter the lapse of a month the Thonum X 
had lost its actzTily and the thonum had tecovered 
Neglectmg certain irregulanties in the early stages (whid, 
howerer, are quite capable of explanation), the decay and 
recoreiy curves are similar to those of 510 for 
uranium and Uranium X The half value rime for 
Thonum X is about 4 days 

Actinium X, a transformation product of actinium has 
a half value time of about 10 days 

Modem work indicates tbat the changes from thorium 
to l^onum X, and actinium to Actmium X, are not direct 
congest but that there are intermediate products and 
vanouB complications these, however, do not interfere 
with the gexiexal pnnciplea and theory, and will be intro- 
duced later 

335b. Badio-aotive Changes. (3) The Emana- 
tions. — Badium, actmium, and thonum differ from 
uranium and polonium m that each constantly gives 
off a heavy gas which is strongly radio-active This gas 
is called an enianaiiofi, and it has many of the pro- 
perties of an ordinary gas It can be earned aiong 
pipes by a current of air, it diffuses through porous 
todies, it can be condensed, etc The emanations from 
radium, actmium, and thonum are very similar m thdr 
genmal properties They differ, however, greatly m their 
rates of production and decay, and in some other proper- 
ties The first emanation discovered was that of thoxiiun 
]gji^iiTTn exists very wzddy distnbnted throughout the 
earth’s crust, and therefore radium emanation exists (to a 
very small extent) in the atmosphere It may to absorbed 
from atmospheric air by drawing the air through a tube 
packed with coco-nut charcoaL If the charcoal is after- 
wards heated to redness the emanation is dnren off and 
may be collected and tested 

To study the life of thonum emanation the apparatus of 
511 has been employed 
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Sn A vator punip dtam mt thcoii|^ coiltott-iffool (to fil ter oy 
dufe vartuto) m a tabe andthcnoreraldyttror thonam otcmw 
orlnwaado in a tuba JT CAugod mth too emanolaon the aw 
ooRant aoten an uundated metal can 0 thxcmgli a tap 
after pawqg tfanwh the can and mixing wiUi to oontwte lea^ea 

itb^a^atb %e month of to can » sealed Iqr & xdplinr i^ng 



m a tost tube 0| 0 beu^ fitted mte an ebonite ping nrhioh. fits to 
mouthof ft AampenSbateatondphiirnlogaimhangia\u% 
vitfam the can , ito upper end » ocnmeeted w an deotroBeope or 
eteotrameter TlweanueoimeotedtoabatteiyQfBiifiteient'mtBge 
to aatente to raoee between towiie and to walla of theeant to 
other teraunal of to battery being earthed The guard nng ffu 
eartheA thna aQ poanbihly of a Sab from to ean to to wire la 
tooVnot and to good meuatum of to en^nr eo m bn a e d with to 
1m potentml difimnoe whidi nanally eanata between to wire and 
Q denng an expenment atops any leakage ftom to wue 
The air leak being firat taken to air munab u eluted Itu 
obaenred that to leak in ftgtediiflll|y iiiBreaBeeowiiigtotoflowo^ 
emanation mto it The ka^ howevery u nob entirdy doe to to 
eaumatraot for« aa will be eapiSained later, to emanatton oaneee to 
dapoaitum of aetiTe matter on to waUe of Oeod <m to wue The 
kMrdiMtotliuaotiTa matter jpndnally moreaaea, batuaboatten 
imnntea attema a nunamina wniah la not TSiy luge compand with 
the emanation kakt and keepa pnotioaUy eonatant dnnng the Te at 
of the expenmenk Ae aixiii ee to leak u pr^eal^ tteady, to 
tape axe tamed off and to panu atopped. ^e emanation m Cia 
thne ladhited, and it will be teimd tot to oiment throng 0 
gcadnallydeoreaeae Theteadingi nanally taken in enbh an experi- 
ment am the defloetioa of agoid-lcaf or an deoteo oimeL or of a 
needle of an eleotrometer TEb former defleetion mnab be tmna- 
latod mto voltam end the latter one la eheady prpportionol to 
ToUega TheToltage timeonrmmaBt befirabplotted, and ton by 

to method of difiteenflea onxvent^ a enmnktime 

onrvo OQnatmoted If aoenrate meeanrementa are taken to onr^ 
renktnneearvewiKl be xcxy nnulBr to Fig filSL The ordmatea of 
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TIia onlinato'v of .!/? mcvurccl from /V> will giie thoourrcnl ilno 
to the ciiMimtioni nhieh » pruporlioinl to the amount of enmnition 

• « it 

A cnsuiil glaiico at the cmro shows that flic mtensiw oi 
fho ionisation duo to tlio emanation dccajs to half value in 
about a imnutc, t e niy ordinate tvekoned from CD is half 
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the value of ordinate dxavm about a minute earlier 
As Wffw s the earn u "exponeutml,” and. Ha equatum la 


uheie Jt la the valne oE the otdmate when Hie tone la 
Togmij rniit u the valuB t aecouda afterward. In the 
^jn nwilpir conaidetation ^ and we the inte nBitae s of the 
inTnwi.timi duB to the amiamii^nn, and atu pxtmortional to 
the amount of the emanatiOD. A la of comae the oonatant 
of ladio-aoiive duu^ ^ emanation 


A oloae atndy of the curve ahowB that the half value fame 
» 64 aeeondBi hraoe from Art 386 yst 698/64 ss OlSs 
1/76. meana that^ for thomun emanation, m one 
second 1/76 of the amonnt of emanation m esutenoe at the 
besmnma of that aenmd has deeaved into other matter 


Badnun emanafacn oau be atndm ina somewhat nnulor 


manner. It ia a much more stable gaa than the above^ its 
half 'mine fame bemg 8 86 days and 7 = y480000. 

AoHninm emanation has a very ah^bfe- da half value 
fame la only 8 9 seconds 

Badimn emanation » produced diieeb from radium itsdf 

In. the ease of thonum emanation and aetmimn i>iiiiLnii.-fanm^ 
there are mtervening ffiamtegrabon producta between the 
emanations and the thonnm and actmmm xespeotively (see 


3360. SaduMwtiva Ghangee. She Aetbra 
SepoBita^— It was menhoned above wat thomnn ema- 
nation deposited a iadio4eh.ve anbatance upon the 'walla 
of the can To stndy the rate of change of this product 
it is best to cause tm deposit to be on a 'wire by 
maeitingthe wim over some fhona in ametal tube 
a fame we wire is removed and maertedm a testing veeed; 
the rate of dmnge of cnTrant in the vessel wdh tune then 
gives the rate of duu^ of the deposit AHhiw igli nothing 
can be seen DU the vnre 'the deposit 18 mtenedy active The 
deposit may be removed from the vnte 1^ rubbmg it with 
ghun-paper, m this ease the glass-paper becomes achve. 
Ba^nm and adhuum emanafaona also prodnoe aefava 
depoaita 




/HteMiiy JSbtOuUMn 
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then a gradual fall and finaUj after some hours an ex- 
ponential fall 'mth a half Talue time of about twenty-eight 
minutes The middle portion in each case seems to mdicnte 
a battle between a swstanoe decaying exponentialir and 
the fresh production of that substance at an nneren rate 
Fig 5l3b depicts the cnrre for a jS ray exonnnahon of 
the same short exposure The p ray activity is small at 
first, then increases to a maximum in thirtv-five minutes 
and then falls several hours later it is falling exponentially 
with a half value time of about twenty-eight minutes 
Fig* 518c ^ves the jS ray exammation for the lon^ 
exposure it foils from the start and finally exponenti^y 
with a half value time of about twenty-eight minutes 



0 lu 30 45 CO 75 90 103 

Ttme tn 

513Ci 


A careful conndDration of all these changes together 
■vnth a jnathematicd treatment of them shows that the> 
can he saiisfactonlr esplamed on assuming three snccesuvo 
changes as follows — 

(1) The emanation is transformed into a substance 
Eadium A which gires out o rays and falls rapidly, 

its half value time being three minutes 

(2) The Kadium A is transformed into a substinco 



WDio-Acrnm W 

eaM Bodram B vboh IbBb to half valve m about twenty- 


The Badivm B u tasfon&ed mto a substmiGe 
eaMBadinm 0 vrbdt grres ovt a and jS xajye and IbUb to 
half valve in i^bovt tveuty-oae vmniteB 


Later mvestigaiiQna Md not ahtmng (he gmrd ikwrg 


and pot addxbonal jirodiiote mto fbe ttanafonoationa 
Thva the ludf valve tmie for Badivm B is nov oonstdeied 
to benot tweBly<« 2 ht mmvteai bat 2^ and this 

IB Iv Baamm A 19 5 mmotea, Badxam Aj 1 4 
imvt^ and Aadmm 0^ trbibh » TSty rapid the baU 
valve b^ <m^ a fxsn^m of a second These more 
xmn&te deira mj, hoffever, be negie(^ 

Sundarlr the adivity ol sl^ de^ 
and dasBined as Moire «- 


(1) Badiam 0 is transformed to Badivm B| the half 
vahm tmm of vrhuih m perhaps fifteen yea^ 

J 2) Badium B la tnnafonned to Badivm B, the half 
oe hme of vhichia about five days 

(S) Badivm B ii transformed to Badivm Bi tiie half 
varoe tone of vrhudi is about 186 days Badivm F u 
idontmal vnth poZoniKm 

Modern vrork lutrodvoes certam ex^ 
preceding: these are dealt vnthmtiie next secto 


m BaBiot^TCCtagM (B) The Hetohflte. 



One atom rfmuiimi. 

ov^twoawrWIwmbeeomittw^ X.lheim. 

theiJoimsiwiAtjfUr X»2M5-8«2W ^XaSiSe 
emleott of ^ Mtdy nys dii^^nta into untoBi} on atom of 
tmi es Ottt om « putnloi and then ndmm u mdiedi i a 
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IB really a disintegration piodnot of nranmm t if a nranimn atom 
loseSj as thna indicated, three a particles the atomio weight of the 
resulting product will he 238 6 - 12 or 226 5 , the atomic weight of 
radium is ^ 4 

It ahonld be noted that the loss of a jS particle does not alter the 
atomio weight Further, 7 rays nearly always accompany p rays 

It was early suggested that uranium really broke up in two ways, 
Ur X and Ur Y, and latest work indicates that the full uranium 
transformation is probably as follows — 

a p pa pa 

ITr.i TTr. Xi XTx, X* Ur 2 Tfr. T lo 

The new element— XJraninm X2— finds a place m the fifth groi^ 
of the last line of the penodio system , it has been called hretaum 

(2) ifodtum —Until qmte recently the radmm transformation 
was coDBiderGd to be as follows — 

->-o ->u]8 ->*8 

ISo. Ba» Em A->Ba C **> Ba. B -4- 

->/? ->-0 
Ba E->Ba r-> 

The disintegration of an atom of radium oonsiste of the expulsion 
of a and p pt^oles, the result bemg an atom of emanation This 
change is slow, a cn^tity of radium decaying to half vidne in 
about 2,000 yean The emanation atoms obange by the expulsion 
of a particles and slowly mofving 0 partioles into Radium A, u hioh 
eonstitates the first pimnot <h the actire d^sit Only one a 
parbole but more than two fipartioles are ei^ellra &om the emana- 
tion atom in changing into Radium A The emanation being pre- 
viously neutral, this l^ves the Radium A atom positiTe^ (Aarg^, 
and hence m an eleotno fidd it at once goes to the ^tbode ^e 
whole of the remaining changes now occur in the aotire deposit 
Badnun A is very sh^livra In three minutes oidy hau the 
Radium A atoms are left^ the remainder having changed hv the 
expulsion of an a particle per atom into Radium B Ra£um B has 
been oaUed a “rayless” obange, but it is not really so Slow- 
moving p particles are expelled, end Radmm C resultSi Ra^um 
B decays to half value m 27 minutes. Radium G in 19 minutes , 
these, together with Radium A, constitute the rapidly ohangmg 
active deposit An atom of Radium 0 gives out a and p articles 
and 7 rays, meanwhile becoming an atom of Radmm D ^dium 
D slowly conges into Radmm E, wbioh quickly changes on the 
exp^on of P and 7 rays mto Radmm F, which is identical with 
Fiuomum. I^e activity of a aolid due to the A, B, and G deposits 
IS mnoh greater than that dne to the D, K, F deposits mto which 



aflh^andirftJiMeto«d»cmoofttomprtw*^ 

Ib Tk8« iiotewd thrt til# toak lip of Badnim 0 yaa *wii«rtrtTO 

iimiaLwdtlmmiggertMm tii#ttiiw# TOpa^ grtaro 

vmnw prod^« ttat w# atw# toi» m two diitont 
wa^fthm — 


BodinmOi 


BddinmD 


BadtimiC^ 


or that hoCh waditum oxistod Latnrb work mdiontes that ih# 
^tukamtetsoidti^^ 

«fi a a P at’U’ ^ 

Em Gi Ba 

s» C* 4-3^ 3>4 b» 

Radium einaaatium has boen giteu the aania mfim A noeat 
oxaimiiatiaDidteadocnfjrom Joafl^^ Momigofo^aiidKorway 

^^meotn#^ |^w^^lead^207) ^ttaae apMar to asras 
Q (utoaium lead) from Ba F ay th# exmunoa of an » 
partKklo fioddy and otbm hata shown that m that part of like 
penote table when ofvototkogi of dsmenti is atin gomg on there 
may he mace than on# Element vai^^ somewhat matoniio wauht 
TfmconidiiBkoaoettBiiklymlikat GT u an isotope of bad. mie 


word MoUQie m ea n s same pontum” m the penodio tame} 
Modem work on Isotopes pcohsoly indioates that sn doiiieikt may 
ha%e mwe than one atomio weiaht due to "atomio mudei ** of the 
same elenient and total oharws hemg bmlt up m diditto ddforent 
wu a (Chapter } 

Tbit following nuBmadsm the unisnm— xamiun group of zadio* 
active chinges !nmfixiid nninher below eacih is the wemikt 
bbtamedl^sabinuitixyrlrom theatomieweiglhtof unuimm(^fii 
the atomm wei^t (4) of eaeh. heliiim atom esuttod The seoand 


|ht due to "atomio mudei ** of the 
being bmlt up m digjhlfy ddforent 
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nnmber is tho hnU \aluc time (^553 ears, dsdays, A « hours, 
m es minuies, s = seconds] 



S14A 

149 n 


>/? >-p >B 

Ba C* >■ Bfl P -> ■ Zta S >■ Ba T (Poloaitmi)-> 

S14 5 2105 2105 2105 

20-«f 15 63y 4S5d 186<f 


>Fb 

2065 


(3) Thorium (Fig 514] —The rolntion betiiveen Th X ondthonam 
(or perhaps xadiothonnm] is \cr 3 similar to that betiieen Ur X 
and uramiun It has been fmind that thonum emanation gi^es off 



Fig 514 


slow-moving p partidesns well ns a partidles, and possibly Thorram A 
also emits tliese slow p particles It has been suEgested that tlm 
final p^aot in ease of thonnm u bismuth (For latest worx 
see page 466 ] 
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dtfefnmm— Shs oluiigos m yvj «iml«g to itoo of 
thoniiffl AotuoanflnoitttHmhuoYo^ Tatao** 

Yoi 17) (For htertirockiw page 466) 

Tbs ladio-actm dxanm xebned to h fSn preoodmg 
aietabalatedo&pogo 4m 


38Gft. Badfe-aotivo Ohaaqfes. (6) Xha 
mattoi ofiba Oluagaa^-^Weiims^ 885} tiM 
if than 018 Ifotoiiis of axoduHKstxro ndMtoiiospKawiitfit 
anj matant tho amoter dumtegtafang m one ig 
y£ wlim 7 20 tlie xadio4Kiti^ 

Ocmndar nonr a talMtoso F din&iegnimg and too- 
doamgaaobatanoo jL Zic^«U^l)6ibe]»lemprodi:^^ 
ofZimto iha^ ofF Ie6 v, be Oe nauHubn 
ecmeieintof XaaikbJf be Ibe immlitt atoms efXrt 
uqrnrtumbrnaituit la a email mtenal oC tone A {be 


ri(,and Qm 
be yJUt, 


.( 1 ) 


Bomber of aio 

somber sbidi mU be prodneed bj W 
benoe the mcnaee dlf u gnea by 

<Uf = — y^i[M 

. ^ w «■ 

.. ^ = . 

lafagrsbng ira get — 

JIf 5= + ]&-'»' 

71 

K benq; a oosatmt KaB at tone i s 0 ttiw am nn 

atan^ Z 3Wt *«m^ i* Jf =: 0 wbeo t =0 ^b. 
•Watmgi X = •- yjf^, and TO get 

."=^(‘-■’0 ») 

JT, « it, _J1L. « 

Vi-h ' 

" r 1.'^. , 


ViSSB. 
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where a; = y s 6“”^* - 

2 = [(7,-7»)e“'^‘' + (7)-7s)«"'^*' - <7i-7s)e“‘^**] 

In the above M%M^ are the number of atoms of X > present 
at any partaonlar instant, y\yty% are the three radio active constants 
and ITo the number of atoms of imtiallj preseutu 

336b. Badio-actiT6 Chaages. (7) Explanation. — 
The disintegration theory pieviously outlined is umveisalljr 
accepted, but a satisfactwy eamlanation will only be possible 
when much more is known about atomic structure It has 
been incidentally mentioned that the rings of electrons 
withm the atom are in rotation, and for stabibly the 
velocitr must be above a cerfcam value Owing to radia- 
tion and consequent loss of energy the velocity may fall 
bdow this value when this happens an electron leaves its 
nng, startang an orbit of its own Now the radiation fiom 
a smgle dectron is very much greater than from a nng of 
dectrons, so that the eneigy loss is now mudi gieater, the 
stability IB less, and an “ explosion *' occurs, a helium atom 
(ff partu^ bemg appaaently tom from the atom and ex- 
pelled The eje^on of this is sometimea accompanied by 
the ejection of the electron (fi particle) which started tae 
trouble sometimes more than one h^um atom is ejected 
bdoie this electron is finally expelled Of course, after 
these ejections the remainder is a new form of atom, and 
the process contmues, the rate of disintegration, however, 
being mvonably difteent — sometimes l^tci, sometimes 
slower, but frequently slower for a time once the disorderly 
dectron has b^ expelled The pesent stage of our 
knowledge certainly provides some explanation as to why 
the eleclmn is tlie " xowdy boy lu the atomic household 
it provides no definite explanation as jet as to why the 
ejected particles .umaiently torn fiom the atom aio atoms 
of hdium (Art 339) 

337. SQscellaaeous. Tlio atom is a huge storehouso 
of energy, ^e electrons arranged within the atom arc 
in extremely rapid rotation When an electron (te n P 
partide) gets loose and escapes some of the cneigj is made 
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nomfesli yThm aa a particle becomes detached mncih 
mote enexgr is lost bj the atom With most bodies it u 
yerj rate mat either aa a or a jS particle gets looser bat 
it 18 common enough witii oxamumi ladiamt thotiam, so- 
tunnm, and polonxm B^oe their xadio-ectiv^. Most 
oE the energy set free is doe totbe a partudes Iweacap* 
mg a partidin from the mtenw of a mass oE radiam are 
alttotMd bj flie outer layers with erolutioa of heat, and 
hence the ladimn becomes warm Ourie and Laborde 
showed expeiiinentaUjthat zadiinalmepsitsdf abo^ P C* 
hotter than its surroundings, energy being emitted at the 
rate of 118 gim -oalooeB per hour per gramme of radium. 
Dunng the dismtegratim of one gramme of radium 
energy is mven out equal m amoont to tiiat obtained by 
burning 500^)00 grammes of ooal, but it takes the radnm 
Bomewnete m the ordw of 8^000 years to undergo the 


B a donn ensts vew mmuUly but Tory widdy dutn- 
butad throughout tne orust of the earth Strutt hoe 
ca l cu la ted th^ the heat gensfrated by dismt^irabon oE 
the radium present m 40 miles oE cnut is saflScient to 
keep up llie temperature of llie earth to its present value 
Izundentalfyf Hierefor^ all former oslmilatiQins on the 
of the eartb have been falsified 

The velooifT of an a paffbote can be calculated from the 
dutum i t will to wel mairbeEore its ionisation andphoto- 
grapfaic powers have dwindled to aero. ^ f ottowing 
table nves m the first oolnnm the greatest distance ebe a 
parfmlea from the netabolcms enumerated travel in air. 
m the second column the initsal vdomto of tiiese 
particles, and m llie Hurd column the rs&toe tannmhi of 
energy these same patticIeB cany:— 


Radram 

Badinm emanation 
Badnim A 
BaduunO 
KadnuttlT 


36 

433 

483 

7*08 

886 


cm neraea 

iskxKf 
I'lOxW 
1-76 xMP 
2 ‘ 06 xl 0 > 
162 X 10 P 


21 

29 

31 

42 

26 


Goimdenttooi of the and “L" aenaa of iAirntnf.ri_r __ 
{Art 325 M Batherfbrd 
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the 7 raj s ft om radio active matter must consist of the oharaotonatio 
radiations of these heavy elements similar to the oorrcsMndmg 
radiations obseriedin oxdinaiy elements ivhen^mbard^ by A ni^s. 
To investigate this the y rava were analysed by means of their ab 
sorption by alanuniam and lead In the latter ease the rays from 
Raoiom B could be divided into four types, and similar results were 
obtamed for all elements emitting y rays , in some oases tho y rays 
corresponded to the dioraotenstio radiation of the senes am 
m odiors to the L" senes From these and other considerations 
It became evident that the 7 niys corresponded to tho natural modes 
of vibration of tho inner struotore of the radio active atoms 

Fajans has lecently indicated that — (1) A n&dio*aotxvo 
dement ejects either a particles or fi particles but not both. 
(2) The cneotion of an a particle involves a shift of two 
pl^B m the penodic table (3) The ejection oiafi particle 
involves a shim of one place in the opposite direction to tho 
above This seems to be borne out pretty well At the 
same tune it is worthy of note that since the miiaal uranium 
IB neutral and the final lead is neutral, at some stages more 
than one electron per atom must be expelled , thus m the 
dismtegration of uranium there are eight hebum atoms 
ejected each with a charge + 2e and sixteen ejected electrons 
ore necessitated each with a charge — *e mtermediato 
products of short life may of course be assumed to account 
for it all The readers of this book, the nsmg genoratioii 
of physicists, will have ample opportunity of sorting out 
these problems which ore of absorbing interest but-io- 
day — only partially solved 

In the study of radio-octmfy we have witnessed tlio 
gradual “breatong down'* of fme heavy radio-acbve ele- 
ments into lighter ones with the ejection of helium atoms 
and dcctrons, and as thcio ore indicabons that possibly oil 
substances are “active*’ to some extent (page 459) the 
suggestion may be made that, on this earth, ^ matter is 
posbiblj gradually breaking down into helium (the cautious 
physios student will add “and probably hydrogen**) with 
the emission of electrons Now in the study of astronomy 
it is found that the newest (hottest) stars are made up of 
helium and hjdrogcn (and two other unknown elomenfs), 
whilst as older and still older stars are examined, licavier 
and still heavier elements make their appcaranco Is it 
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poBuldB fheraEore ihot m tho "earEb's b^^ngs*' filie 
as TTO knov fheia iu>w '^Braie graduaUj buSt up 

tromfheBelig^tdfini0iit8--4idiTimfiadli^^ 

go a gndxuil breaking doim mto Ebes^gbt eloinentB 

OIL woearEh. as uro know xt x&ovP To qwto Hr J A. 
Qrowtlw (Mckeabar H^ncs) ‘‘The mortum raggests 
itfldf — «rB tiie Alwwimfai xnanlj a parb ol a great t^ycfo cf 
gnmOiaDd decAjP Istheatmbon^to grov old, decay 
asiddie^ Aiexiew’flbnnabeingfonnedintheBeorBbplaoea 
of the iiuvstieto take the place of fhoae that have paas^ 

airay?” 

time viH probably alum. 


BxevoiseB ZXm. 

Beotim O. 

(1) QmattaoooniiboK the Taifooi Icmda of xadlatian emitted liy 

e solid oompoiiiiid of ladian^ explaining haw the prqprtes ht the 
TiuoiMneraiMybemTeab|pteae]qpei^^ tdfio Hons) 

(2) 1)eisnheainegiodfddstonwm]igfheqiiQtieii^ 
theehsmoE aBelBBtccm 

Show teat the tttlna of Chm qnotMat nm dmnd cm the ^ 
of thedeetKcm, and dsaodbe expennieiitBlerotk deahu \nth ttai 

Hami) 

W Oive aa aeoeinitof the pmunpal espenmeati to vluohiae ovo 
onrkiiimledgeof fheaportiw (BSo Bto) 

W Q m apcmtiiaeot thalhea^of thedumtegntiOBof thexadio- 
astsve natenala end dednee emtioiis ithowing the amoinite of two 
cmmoi^p paodi^ present at ai7 tumanbseqmt to the 
of the lumbar pcodaot (BSaHons) 
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Snbatanoe 

Half Life 

Bays 

Uraninm I 

5 X 10® years 


UraniQin X; 

24 6 days 


Uranium 

1 15 minute 


Uranium 2 

2 X 10* years (T) 


Utamum Y 

25 5 houta 

p 

Ibnium 

10* years 

a 

Kadium 

1730 years 

op 

Badium Emanation 

3 85 days 

a 

Radium A 

3 0 mmutes 

a 

Radium B 

26 7 nunutes 

P 

Radium C) 

19 5 mmutes 

o(»)P 

Radium Oft 

1 4 mmute 

p 

Radium 0^ 

10** seconds (t) 

a 

Radium D 

15 83 years 

P 

Radium R 

4 85 days 

p 

Polonium (Ba P) 

186 days 

apm 

XJuiLium 

1 6 X 10“ years 

a 

Mesothorinm 1 

5 5 years 

- 

Mesothonum 2 

6 2 hours 

P 

Bodiothonum 

202 years 

a 

Thonum X 

3 64 days 

a 

2%onum Emanation 

54sooonda 

a 

Thomm A 

0 14 second 

a 

Thonum B 

10 6 hours 

P 

Onionum Cx 

60 minutes 

9Lp 

Thonum D 

3 1 minutes 

P 

nOionumO^ 

10"'^ seoonds (*) 

a 

Aotimum 

200 yoaiB (*) i 

an 

Radioaotinium 

18 88 days 


[Radioaotmium'] 

60 hours (t) 

alf) 

Aotininm X 

11 4 days 

a 

Aetminm Emanation 

3 Oseo^B 

a 

Ao^nm A 

0002 second 

a 

Aotmmm B 

36 1 minutes 

P 

Aotimum 

2 16 minutes 

aP(») 

Aotimum D 

4 71 mmutes 

P 

Aotimum 

0 001 second 

a 

Potassium 


p 

Rubidium 


p 











CHAPTEE XXV. 


BLEOIBONIO TBEOBIBS AND THE NEW 
FH7BI0S 


UotloiL of aa Bodaified SjHure. lEass of aa 

Eloeteaii onlirdy Elool9io83U~Ooii8ider a BnuE sphocB 
0 of ladiUB a, electnfiod and moving m tiie ditectum 
OX (Fig 515) miihvdocily V 
If fuu vdoeitjr be not licrga 
ire may asenme tiie sphere 
to cany its Eaiaday tabes 
along vniib it, nmdistiabed, as 
duran m the fignre As al- 
leady indicated, this moving 
duuge IS eqnmdent to a oor- 
mnt^ and the magnetao field at 
P dne to it 18 given by the 
expression — ITig SU, 



4-X 


UagneSo fidd at P = 

where eis the ehaxjmf the diBtonoe o£ P from 0, aaod a 
the angle between OF and OZ IfwtheinagiefacenflrCT 
per Tuut Tcdnnid (mednxm a= ear) m a field hu been pxom 
equal to Sy&r hence the magnetus energj in a 
voliiiiiedv at Pis given ~ 

Magnetao energy a= ^ **^ . ^* - ? dv 

407 
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and the total magnetic energy m the vrhole field eurround- 
ing the sphere is obtained fy imaguung the whole field 
dmded up into these small rolumes and finding the sum 
of all these values. 



Fig 516 


of radii r and r + di to be 
drawn in the field, the 
charged sphere 0 bemg at 
>'X the centre 516) Let, 
as before, be the direc- 
tion of motion, and let the 
radius OA make an angle 
a, and OjB an an^^e a -f da 
with OX NowimagmeOii 
and OB to revolve about 


OX. The area cff the belt on the ^here of radius r whidi 
OA and OB will sweep out is 

2nr sm a rda, 

for the radius of the circular belt swept out is ^ ns 
r sm a, and its width ^ is rda The wmme ef the apace 
between this belt and the outer sphere is — 

2in sma Ida dr, 

and the magnetic energy m this space is, from the pre- 
ceding — 

g- -3 — 2aT sm a . rda dr, 

OB' r* 

ca ^drsm'a da 

The total magnebo energy m the entue space between 
the two spheres is clearly — 

f*^^^dr .Bin* a da 




Bm^a da 
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— ^Or ‘ 

- ^dr.i 




TTmiiw {he total BUgneho ene^ m the irlKde field 
amToandme the apheie u the int^nl of thu from the 
anzfBoe of we qgifaere, \rhme r s= a, to mfimiy that is — 

1 f“ 1 

Total sugnetao energy s-g-ePv*j -^dr 

= y " 

Sa 

ITow if m he the ordinary meehanieal maaa of the sphere^ 
ita kbebo energy doe to its mofaon. u , thne tiie 
total energy of w momg deetnfied ^hereugiven hj — 

Energ) = 1 ^ 

or it 11 the aama as if the ordinary maai ei irate inoteased 

an ainoont^ doe to the ehatga Thu latter ih fie- 

qnently xeSetiedtoaathe “eleotrical maaa," and u denoted 
tyl,te 

Si' 

or to he suite general fific^/So, vhete fi u the permeahilily. 
StneUy, of conna, Una inaaa hea not in theoody hot in 
the aewer . enerimentally, horrerar, it ia the aame as if it 
resided m the latmer 

Uptothupomt xbhaa been asamned that the vdocity 
is nm gieat and the Ihzaday tnhea ondistothed hy the 
motion As the velaeify ineteaaea, hoirevar, the tnhea 
tend to set mote and mote mto the eqnational xeeum YY 
(Fig BlBttl.aad as thu oeeinM the inaaa of aatliBr ttifl iy drag 
op wth them msteaaea In other irords, the JawtinS 
maaa u not oonatant bat dapcmds npon tto valoaly, at 
any rate, srhen the latter heoomes greats approaohuig tlm*. 
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of lights te as prenooslj indicated the eleotrieal 
inei eases loiih the velocity Theorj shoira that^ more 
exaciJj; the electncal mass I is given bj an expression of 
the form 

^ ~ 2TS ■’* powers]. 


where V is the velocity of lights and Dr Abraham gives 
the formula — 



wheie /3 IS the ratio of the velomiy of 
the charged particle to the vdocify of 
light 

Taming from the question of the 
chaj^d movmg sphere to that of an 
dect^on, JT J Thomson conjectured 
that probably the whole mass of an 
dectron arose in this way AgBnmTng 
this, writing the expression for I 
above in the form — 

Rg 610a r— 2 

i=TO=:— or a = — e, 
oa 3 m 

0 ^ substituting the known values of elm and e for the 
election, we get a = 1 9 x 10“^ cm as the radius of an 
dectron- this is very small compared with that of a 
gaseous atom, VIZ of &6 order 10^ cm 
Again, working with the p rays from ^ TTa nPmimn 

obtained experimetitaUif the numbers given in 4 of 

the table (p 471), for the ratios of the mass of the partides 
to thdr mass at bw vdomties Jseuming the whole mass 
to be dectrteol the numbers given in column 3 were eoleu^ 
lated for the ratios by Abraham's formula The dose 
ag[reement supports the view that the whole mass of the 
electron is eleotricalf t e due to charge • in other 
words, an dectron is a disembodied atom of dec- 
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trioiiy fine finm aesooiatLaifli with nattev as wa 
lenowit. 


Bfttio by Ratio by 
VdnsoIiL 


see 270 

214 209 

161 170 

W I 141 141 


268 X 10^ om. per MO 
880 X 10 » „ „ 

249 xl0» „ „ 
220 X 10» „ ! 


The qnostua Ihon ftmeiL An then too kmdB of 
n nua eleotnoel’ and J J Thomioa poatoloted the 


aQ nua eleotnoel’ and j J Thoaiaoa poatahted the latter, vu 
that all aaaa u deotnoal, doe to laa tabaa oanyma foinaid 
Bomo of the aether Qolhu TieiraQ inaM fa man <n the aether, 
an mcaneiitiim u monentom of the aether, aQ hmebo energy » 
lonetw enatgy of tiw aether, and ferfber, amoa the vhole inaaa 
V * u an m the aether, the bwy u fhenfore em^- 
woM and every bo^ ooonpiea apooe ooonpud by efve|7 olms 
boqy. blathemnica mowa. hoarem, that the man^ thoii^ eveiy^ 
erhm ia uiteiiBe(y hMabaad, for only of the maaa « ontnde 

a sphere of the aame am aa an oramaTy atom 


Biffieidkwa m the above may be bnef^ indheated. Itvnaearly 
smnted that the maaa (d an atom vrae dne to its aleotRcona, and tfau 
vfoud neeeastate m xonnd nnakbeu (en) ^;OQO in a bydiosen atom, 

yier ns n oent work m dioafen that the number is m the order one 
mabydrogni atwendon^afrantioafV^ of theatomwweiBht 
forotto at^ (Atk 889) Of oonrae then fe m the atcmitbe 
pooiti\e or «poiitm nudeua* (Art 889), wbidi nroat be 
Mere for tte atom to be neatnl, butabcratwhuh wedo nothnoer 
vm nmoh In the ooae of the bydraneu atom, if the pontm 
ohm wmou aanto 1^2000 of Se me of an AiSsaa, the maaa 

fflpwoeediq|[^BxplMiM man m taniM of aaUin, bat iho qnertioa 
■fan renMno-^TOaf H the f^bnabon qf mOurt lb fit m mHi 

»^s?ast'^ss:8::&3?s 

motum of bodua fhnn^ 

It , toe latter mew vae. tilhmatAiqp. 
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explanation of the Miohelson-Morley eiqE^enmenth hat difBoulties 
remain The recent German attempt to ei^lain away toe aether 
by the ^'Fxmoiple of Rolaixvi^'' — that we never shall know 
velocity relative to the aethei^testies with difficulties, and is a 
long way from satisfying as yet AH the knowledge gained m the 
last deiMe has, however, been a true development m the right 
direction, and work in the near future may olear np much that is at 
present obsouro , the keyjbo future progress is the answers to the 
associated questions—** what is positive eleotnmty T ** ** How are 
we to explain aether ? ” 

339. The Stractnre of the Atom. Van-den-Broek’s 
PlaaolEfs Constant and Quanta. — ^The 
penodic law, the study of spectra, radioactivity, etc 
indicate that the elements hove somethmg in common, 
and, as electrons, identical in efveiy lespect can be qected 
£rom all sorts of matter it is clear that the electron must 
be a common constituent of all matter 

In a theory of atomic structure due to Professor J J 
Thomson the atom consists of rapidly revolvmg negatLve 
electrons within a spheie of posi'bve electiicity, the total 
positive diarge being equal to the negative char^ The 
force of attraction on an electron will vary direcuy as its 
distance from the centre of the sphere, and, treatmg the 
problem as a statical one> the system of electrons wm be 
stable if their mutual forces of repulsion balance the 
attraction of the positive sphere The three dimensional 
problem of the arraa^ement of the electrons has not been 
worked out in dets^ but it has been solved for two 
dimensions, and it has been shown that when the number 
of deotrons is large they are arranged in several con- 
centno iings Thus 6 in a rmg is unstable, but 5 in a 
nng and 1 at the centre is stable , 8 m a img is unstable, 
but 7 in a nng and 1 at the centre is stable, a stable 
arrangement of 30 electrons would consist of 15 in an 
outer nng, 10 in the next nng, and 5 in the central nng, 
and BO on. It has been stated that the atomic weight of 
an dement is proportional to the number of dectrons con- 
tained in its atom, and the following table gives a stable 
arranmment of atoms of mcreasing atonuo weight m the 
fourth row there are 4 nngs of electrons, m the third row 
3 nngs, and in the second row 2 nngs m each atom The 
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Btodent of ohemistiy viU see many points zesemblance 

to 'M'ana ja«p« pnn^ift iila«wfiMi.tMiiin U fsC^ many points 

m]^ysicaaaddliemiB(iiyoBn1ieeEplaine&onihe lines of 
file pteoeding atoiiis, ana so also can the fBcta <d ndiatum 
if Ime Totatiw of the cilectrons is taiken into oooonnt, bot 
to go fnrthsT into details irooUl tabanabeymdoarpieaeat 
pnmnce 


1 

2 

8 

4 

5 

6 

B 

7 

8 

B 

n 

n 

B 

10 

10 

m 

1 

11 

1 

1 

tl 

u 

8 

u 

4 

6 

B 

U 

11 

EK3 

m 

12 

12 18 

18 


U 14 

14 15 

15 

5 

6 

bBQ 

H 

8 

8 8 

8 

Id 

EI^ 

10 10 

11 

1 

1 

OB 

11 

2 

8 8 

8 

s 

4 4 

5 5 

6 

15 

15 

15 16 16 

16 

16 

16 16 

16 17 

17 

17 17 

17 17 

If 

111 

11 

11 11 12 

12 

12 

12 18 

18 18 

18 

13 14 

14 15 

15 

6 

6 

7 7 7 

8 

8 

8 8 

9 6 

10 

inn 

run 

11 

1 

1 

111 

1 

2 

8 8 

3 8 

8 

4 4 

5 6 
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Iateto>ikl 7 Bcihr,Bntilwr{ord, ind oihm dsBintaly indio&ted 
ttotTaoinW»rtl»OWfaTO«pllM«limrttolt toTlllmi«^ i».ilfV,trM“ "«TTi n 
partoiBiiatoniiBooiMieiitnted mamwknstrinahlua onffteiiiAala 
apontifBid»igB(];ntou) Ekmwstleutof dweleetKMHecmt- 
ndBtliupoiihTeelnigs, wteoduigtodKtBnflweoBinmlilBmtiiliM 

dmiDster of tim Btom nd nnlving u aatdlites nmnd the andeiiB 

^ oittnntm on sa deotron h, m tim ous, mfmdynoporbaoal 
totboiqiimoftihBdtttBiioeCramtbexnid^ Bmee Sie ndma cd 
uatouof ttMoider 10^ triulifetliBt of tho doobaa n of 

Owatonaowdnis), 

■ad ponton apdaniliu lieoa ostimated to be in mart 
om pntebly Im tbabof fha dcoteODj rtu etntet that the 

bdk of the atm of matter a '*emplgr eoeoe"— a hmd of edar 
m which the khmi^ •‘matetulTmm" m-my-nir 
naU inM oompaied with the totd bdk it attrth 

hd mm atom or an elertrm toaidliag with great n^ oan m 

■nmimn IhrMneila mn rt^fnna mlModJIhdi -■* — ^ M^OOD I * ™ 


na m neiaeea ■wcreai wa VU vimgwwa llElbirVUlIW vni|| 

ebaight UnODi^ an atom, etraight throng L 

tnUm^Ute anytluiig Bmoe itn, dm, that h hdmm 


fttoma 


ssaMsimw .reMw 

if only tMTdlug filfe eiiciii^ 
out comiQg imr flnongh to the sfcEong 
Ktam to ffofibr appnmbto 
Wilm'i pbotQgrtt^ 


flOO^fl OQ ftbm mfiin 

oonf^ nnoleiio ^ aa 

Tlmo &oti am duym hj 
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rtanoM«»fihn<AU>fta\>^ dftflmtenc^toit (MoibUnr, 

i^arfeonat^, like mm of oar qlradid tooi^ xneii» was 
failed m tcanohM ny a Tnrkuli boUet at m the 

smnideroCMS) l^iefiaMooiiidasionutiiatlf theuottent^ 
VandMleafPa aexua 1w Bumberod la oxto of atottiQ v«ib!U 
(ve w3iatuoaUadiiha"a1fOSiiiBBiuiiBer*’l^ 
wittflih am ospsoxliiuMy luilf tha atauo msglitf 'will gsm 
iba snualMK of fiaa pontm cthasBaa on tha uoolaiw fund 
aka tha Bvadiav of tteetmu astai^ (i < if be the ahmtio 
nomberand a the efaetramo ehaxse the nomber of firee pontira 
ehurainthamudoiumlfytiiatotuficmd^^ mmu u 
i'ir^ and then «eeJrdeottcm%tolaloliaxge-*ire^oat^ Xhii 
view u aov adopted (Appendix 2) 

33ms fram the abova^ b^drqgaa baa a oentral mudena with one 
fteopontiTaidiBCge e and one nwolavu; eleetioa ooteida s habom 
baa two oentnil pontive duiM ana two moWiqg e fo o to on a ^ 
hthniBi baa three of eaeh, beneunm four, boroa five^ oatbon aix, 
mtn^ Kmit oajipeii eigh^ Inanne nmeii neon ten, and no tm up 
tontinmm with x»iietgr*two 


Iha wMed eonomlaon of the atom doe to Lewie and Langmuir. 
So? witeide the mudeoa axe at teat or metek nMiiUj^ ng 

33a&attwoeleQttonebeonaiheBnmiidtbenablm Thenext 
mmtakei^mtmfoatiidethefiEsetwo) oonemondiim to tiie 
ejratoniiem m a onbe Thnaweha^eaaanesofaheUa oontamma 
eilaafaim a one^Qubnde the the anooeeiixe ehella eontamuJ 

If the outer aheUanS 
omm^ttoatomtonditoiauiwitoothemtooompleteit »s there 
u jAen^ nmon totween If it u oompbto the atom » 

inertbke and neon Bhrther details woald, hcnmer. take 
nn too roam ngm hem, and refetenoe ahooJd bo made to aome 

modem work on St^aicalGhemikay -««« » 

BwnAoned that tiie ohaiaotetiatio Miation el 
Diatom pndiiMa-«he JCndutian-mdiM 

rfW b^pmayu from uatb r^aSTilio if nSn 

^5at l^dtOj^Qy With a suude eleotron in ita 
eodahit theia xadiatioiia u ospUuned by 

of tho ocbite ace as 

"■ Sit 
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whilst the longest w&ve length bne of the 
L senes is due to jumping from 0 to JB 
Further, it has bm mentioned that an 
^eotron may be expelled by the direct 
unmet of an a or parbole from outside^ 
or ny the influenoe of X-rays, eta it can 
also oe espelled by the ooUapse of mrboles 
from one orbit to the next Thus Sir 
Oliver Lodge points out that^ just as the 
Fig 6166 energy reqmred to throw a planet to infimty 

isdoubleitsenergy mitsoroith so the energy 
of an electron in its orbit is just that '* quantum ” of energy whim 
must be supplied in addition, m order to bnng about on expulsion. 
Now the lanetio energy is inverselv as the wtanoe of the orbit 
from the nuolens, so that if the JT, A and JT orbits liave radii 1, 4, 
and 9, the enaiges will be as the numbers l^^andj Taking, then, 
the case of an M parbole fallmg to L, the energy acquired will bo 
i &ofaX umb ao that altogether A + 

unit will be transmitted, and, thu being eqno! to a umt of £ energy, 
uill be able to eject the L parbole 

nnoleoB contains, os has been explained, a number of free 
posibve charges equal to the atomic number that there are also 
meotroDB inside the nuolens (and, therefore, an equal number of 
binding posibve charges) is indicated by certain phenomena in 
radio aobvity To explain these Rutherford supposes tout not 
only the a but also the pnmary p parbdes are expelled from (he 
nvaem ; thus the a parbole, bmng posibve, will have its velocity 
inoreased in passing through the strong repnlsion field, whilst the 
p parbole, being negabve, will be impeded in its escape from the 
nuoleus, and must, therefore, possess oonsidcrable eneigy in order 
toefieotits escape Farther, if a fi norbole escapes from a nng 
near the surface it constitutes the high speed p ray emitted u ithout 
the produobon of y rays (Radium £ and Uranium X are lUustta- 
boos), while if it escapes from the mterior it passes on its way 
through regions where it gives nse to the produobon of y rays 
The statement that the posibve charge on the nuoleus is eq ual to 
the atomic number JV^ (t e. that the oho^ is 4- iVe) is often roferred 
to as Van dex Broek’s hjrpothesla *' 

Aocordmg to Bohr the angular momentum of an electron is cm 
fitant and given by the expression Ay2ir, this is spoken of as the 
"h liypotmesis,'’ h being known os "Planck’s imiTarsal con 
stant." 

Planck^s "Theory of Quanta ” assumes that not only matter 
but energy has an atomisbo structure, at least wlien fiung out into 
space as radiabon , it assorts that a simple harmonic aether wa\o 
mves energy to matter in quantities of hn ergs at a bme^ n being 
toe frequency The actual magnitude of the quanta is >ery 
The energy of one quanta of radiabon of frequency n is An, md for 
a froquonoy of one vibrabon per second it is only 6 x 10 erg 
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Ifanufbiidt'fesMAiitf; rthwpOTBdaBirfdemrtmfc^nira 
nnwbntumL wd oltto^ it« utv^ wtiira u nrt yet defined ftt 
uuenn^Tidedlnrefi^naiuqr, botmibe A bymthw above 
ifcw tmhm S ” W *" gaomMitain) itMpOMibwtliatrtiiiBy^ 

proviato hb one of oor fandMnsntiil oonBtanto 


ImcoE^ 


ggn^ ii£ "'■{Bnonuy wibw* m» wihhiI thoro w no owiMMtt 
u EBdifttuvDf (ft) 8 tnuMatioii front on# of thoflo rtat w to a nothog u 
•iwyynpaiwiJ [jiy m emunon or alnocptum of enoig y s w fro- 
qumoy n of tbo todsAtnon emitted u given tij the etqicenion 


hn» JSx*“ E% 


a) 


tvfaem H end JS^ denote lihe energm of the nstam u tteWo 
BtatHneiy etnteiy h ii FbuHik^e eonetenta (s) In the ceee of ui 
deotEoaxotatuks xoond e poaitive nodeoB the posnUe etetionuy 
■tetei ecB g^Tcn^ the rdefioo 

2*8 (IQ 


vhete 2* it tte mean veloe of the kmetio eneEgy of the syetemi and 
a n e vhole mmiber; if the eleotEomo omt u enmilttr it le 
dunm that Ihu w is agreement mth the essertum that the ongnlar 
mwnmrtMn of the mtem m tto atalaanai^y atatei Sa an integEal 
nraltaple of hfisr In the ease of a eyotem ecmaiating of pont a ve 

xnidei at mt xdahye to eadi otte and deotEone nmiDg in oiroidar 
ortnte tile anndar nunnentom of esoh deetron Kmnd the centre of 
iti orM IB Aw when the total eneEsy of the amtem u a anmimim 
Itor frother detBila the reader ahanla oonBidt tiw ongnud paper 


It has reoenti^been ihown that Ploml^B eonsfant nay be oon- 
neoted mimeneuly with ^magoetio moment of the "xai^pietoB” 
(Atti 88^ Oonnder an deoficn movnig m a onenlar orbit of 
radm o with angular \elooito « Its aagnlar momentam wiU be 
ina^l toiu A/Sr Bou^ondihereforeii^ vA/2m« 7iirther,tha 
noment of the molviBg eleotron wdl be i e 


As 4 ar— - 
a 


Nov the maenetw noment of the Terdving deobomsOB 7 x lO^i 
aadihatof the magneton 18 51 xlO^^Ste one fifth of the former , 
thna 

h an SOrS (moment pf the megneton) 

An extenaionof thu to nametie theoiy and the itmotore of the 
atom hta recently been madebiy Peddle He oonaiden the atomas 
N ANDB X 
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ooDsistiDg of oonoentno sphenoal of eleotnfioation rotating 
round a common avia Cmiuder a unifonn pontivo sphere of rednu 
r and oharge J^e movus with angular vuooity p Oatside thu 
imagine there is a ringotn (from I to 8] valency electrons also in 
rotation, and assume we reniaimng ni^tive elcofenfioation to beon 
a central core havum no rotation OSie magnetic moment of the 
rotating s^ere will he As we haye no definite knowledge 

of the yalne t^p it is taken as equal to a’w for a nng dectran 
Thus the mamnetio moment of tilie positive sphere willhe » 
NdtllQitoi t bat the moment of the magneton is ehpfhtm^ so that the 
ma^ebo moment of the positive sphere will be equal to mag- 

netons AgaiO} the magnetic moment of the nng will he equivalent 
to fin magnetons (tiie magneton moment is one-fifth of the eleotxon 
moment) Hence the resultant magnetic moment for this atomio ^ 
model will be the difierence between the 2N magnetons of the core 
at id the 5a magnetons of the nng This view is oommmuoated by 
Dr H 8 Allen, and it omrtaiuy emphasises that in oonsidenng 
mametio matenal and atomio models the magnetio efiects of the 
nucleus wiH enter into the cooBiderations 

It has been explained that light is an electro magnetic wave, and 
It 18 interesting to note, in passing, the ongin of snoh wai es We 
ha>e seen that when an eleobrem is suddenly stopped ib gives nseto 
an aether pulse, tiie eleotno and magnet forces being at nght 
angles to each other, and both at ng^t angles to the dveotion of 
propagation. If, instead of being stopped, we imagine the eleotron 
to execute simple harmonic yibrations to and fro of suitable ire 
qnency we have the necessary conditions for the proparation of 
plane polanscd hght , if we imagine mroular or elliptic vTbiations 
of suitable frequency n e have the necessary conditions for the pro 
pagation of ordinaiy hght 

III the sections vrhicb follow some simple appkcations of 
the electron theory are dealt with : the subject is a very 
wide one, so that a very brief treatment only is possible 

340. The Dielectric Constant (Specific Inductive 
Capacity) and the Inden of Redaction. — We have 
seen that an atom consists of some structare of positive 
electnciiy combined with certain coipusdes or elimTons, 
and, on the dectron theory, the distinction between a di- 
electnc or insulator and a conductor is that in the former 
the electrons oan he displaced within the atom but cannot 
be dragged out of it by au external electrical field, whilst 
m the latter the electrons can bo detached from the atom 
and are qmte free to movein the spaces between them 

Consider now a rectangular block of a dielectric placed 
at nght angles to a uniform electncal field (air). Let e be 
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tiie ehaige on aa eleatnni, w its duplBcemeni fimm ite 
osabal poritum dm to tiia Md, F the dedxio mtointy m 
Uock^ and/ the reatoimg fcm on an eleiAran for unit 
du^uement Qlhe total diapbumg foroe on the deetron 
u Jh and the total reBtonng foroe on it u jtoi faenoe, as 
there n eqnihbriain, 

jph =fo, he a — ~ (1) 


Nov let N he the nmnher of eleotonoa per unit folnme 
and ^ the bee area of the block Xheduplaoementidflie 
dectcona thronghadwtanee s vdl te equivalent to a mga- 
tne cihaxga of JfJm at one aide and an equal positnB 
cihaige at the otiier, t a mil be equivalent to auibm den^ 
aitiBB of Nca 


The mtennfy N m the block la due jomtljto the extemal 
field and the aurbee ddmtiea The fanner ia MD (Art 
88), vheieDia Hie pdanaabionof the estotnal field (Ess 1) 
ana the latter ia4)rp,ie 4aeJSfu, their doeetiona are oJearly 
oppoaed, hence 


F = iacD — 4iriraa = 4s’2? — 4arEe 
:.4iirDssF(^l + ‘^S^y 


F» 

T" 


(S) 


le 




But if JT be the dieleetne conatant of the bloch:, Fss 
4rJ7/H; and dn be the mdex of refraction TmiMa 


a:=**=i+ 


4r2r^ 


( 8 ) 


If tin dideo^ la a gn the atena aie for apart and tbmbm/ la 

indmendentof toe dei^ erlnlat JTia puporbanal to the denaitei 

? towdore (iT - 1) and b* — I) an ptap ortw Md to tot 

denoit^ Boltamann hae dunm toat tliia la ao 


In Hie preceding vre have conaidered tUb eaae of aabadv 
dtdrieal fiM aoEng on Hie deetrona in the blob^ and 
have fioniid eapressiona for the index of xefraoHon «H Hm 
dieiteotno oonatanb To obtem ooneaponding iw pmMnAr * 
in the oaae of mitef ^ hgU blhng on a anbatanoe certain 
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results fiom the ** theory of TihxatioiiB ” must be assumed , 
these the etadcut uill &d in any good work on Sound 

Let be the mass of on electron m the substance, then, 
since it 18 acted on by a force fx which is proportional to 
its distance z from a ccntie of force, it will have a natursl 
period of vibration given hy 

T, = &vf 

Now imamne a light wave of penod T, to fall on the 
substance The electron will be subject to a penodic force 
eF varymg harmonically and thermre given by the ex* 
piesBion 

oFq sin Sir 

It will theiefore execute “ foiced vibrations ” of penod 
7,, and tiie displacement x at any instant will be 


m f 
m 2*/ 

or, 8mce//i» = 4s^/5r,*, 

^ ^ ^ F^ 


sin Sir J- 




sm2fl-^ .. (4) 


i 


Putting now jFo ^ m place of P, J?o sm 2ff i m 
place of D, and (4) m plaii of m (2), viz F = 4irP — 




S=4iri7,sm2ir J.— 

4r*m 


4irJSe»J!'. 




( T* I?) 


sm28-^- 
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Ths *WiwOT ai> bobiraan tha two valim of K (and onn for 

ite^fiddi,tilwoth«E£orl%UvaT«a-tdioidd be oarafiilly noted 
m the latter if 3| to gnat m oonqpanaoa with STi wohave 


£sil{ls 1 



1 + 


4rjr^ 


tine u the eqjtenum ahea^ (ditamad above 
for ateady fialm (eae alao Art 814). 


341. Blsobxfoal Oondnobioii in BCebalSr— Ib has liean 
alunm tiiat tihe ocmdnoban o£ daotmity m eleotnilyteB ud 
m gana la edboted poaitiTalj and n^pAndj ehui^ 
caxnan called ions, u Imruda fhe 10 ns am frM ehai^e^ 
atoma m giooM of atoma (AA 208) , m gaaea the n^ga- 
tm ion la an elactEon loaded npl^ fining attached to it 
one or moie nentral atoma (at ww preaanzea the deofamn 
fhtowi off lia attendant nentral atow and toneh alone), 
wlidab tba poaitne ion ia an atom winch has lost an 
eileatoon. The oondnotaon of deatnaiy m sohds la also 
effiBotedl9oaiEners,hidftaIaffartnAueaM eoiuiaf tMy 
<lffne ebelrons lb the ahaenee of an deetrie flAld these 
eleotrons tmvd nromiaonoody m aU duecbons, and it is 
farther aappoaed that they are in tenqperatuie eqndilnium. 
with the (xmdaetor, t e that their mean hmetio eneiigy is 
aqnal to the mean kmetie energy of the THolamlee m the 
oondootor, and, thetefoie^ that the ordinazy laws of the 
Kinefac Theory apply On the establulunent of an eW 
tno field there is, m addition to tbs movement m all 
duedaons, a drift of deotrana m the opposite diTwAwiti to 
the fidd (the deobons are n^gafiiw), and tibu 
the enriant m the condiieh»r 
ITow, hy the Suehe 13ieory, 

= “!p a) 

where nt = man of an deetron, T = abadute tam paM- 
tme, « = mean rdoeify of the eleetrcms eartespondmg 
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to temporaturD equilibrium with the substancei aud a = a 
constant 

Let on blectiic field o£ intensity E be applied to the 
conduotoTi between two collisious an electron will be 
Bulqect to a force Eet and its acceleration f parallel to the 
field will be 



If p be the mean free path, ^ aTorage distance 
travelled between two colhsions, then the time (t) taken 
to describe this mean free path will be p/o, and the dis- 
tance travelled (d) parallel to the field m this time will bo 


Again, if T be the overage velocitj parallel to the field, 


Y d _ £ 

t p ~ 2 m V 

and since = aT, i e m = 2aTI^, 

IT- — -Bepo 


(4) 


But if be the number of electrons m unit volume and 
I the current densii^, I = JVeF, i e 


1 = 


l[E<?pv 

4aT 


( 5 ) 


and, if p be the condueiitntp, I = pJE, i e 


( 6 ) 


Hence (1) Ohm’s law is obqred, for by (6) I is prowr- 
faonnl to E (2) From (6) p is inversely proportiooal in 
T, te specific resistance is propoitioiial to we absolute 
temperature (this assumes that the product Npv is mde< 
pendent of t^perature) (8) Differences m conducting 
of different homes are due to differences m the nnmher of 
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force wlucli drags out the electrons is the force exerted by 
the atoms in the neighbourhood Theory shows tl^t 

T _ 1 

h r-To' 

1 Tpdne 

wheore h = dnft per unit electric foicer A ^ distance be* 
tween the centres of two doubl6t8,n = number of electrons 
passmg along each diain per second, thus p becomes 
infinite (resistaoice zeio) when Tg 33ie deviation 
from this, as ^own by the experiments of Onnes and 
others, is brought out by a more accurate mathemaiacal 
treatment Further, the part played by the electnc force 
IB the forming of the ohams, and theory shows that below 
a certain temperature the electric force may be removed 
and the ohams will remain, and electrons will still be 
moved by the forces exerted by the neighhourmg atoms, 
% e the current will (xmtume to flow, as was found in the 
lead rmg experiment of Onnes The possibihtieB of this 
modified theory of Thomson’s ment a more detailed con- 
sideration than they have hitherto received, but space for- 
bids their further treatment here 

342. Thermal Conductiviiy. — ^The dose connection 
between dectncal and thermal conductivify m metals is 
shown by the Wiedemann and Franz law, which states 
that at a given tempeiatuie 

= A constant 

Slectiical conductivity 

and IS proportional to the absolute temperature Oonsider 
now a meml rod jIB, A bemg at a higher temperature than 
JB. Accordmg to the Emetic Theory the conduction of 
heat from A to JB was due to molecular colhsions , the 
molecules coming from A possessed greater kinetic energy 
than those from S, and in a colhsion the energies tended 
to be equalised, so that the B molecules gained kinetic 
energy whilst tlie A molecules lost kinetic energy, and 
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v1ia» Q 18 the quanbiy rf 

thnraA a parldaott o£ TBot io*a and tlnita 

IT, jg^ Waa bnotw energy of a moleeiw on tne not 

BiM imd TT. that on tl« cold b>i5b of i3»o jBjtetoon 

Now, m to l^t of modem work there ib eroiy teaao n 
to bcihm to* to electraiu in to mebd are to esBento 
n ymfai m thiB heat traoBfesenee diiidying. than, to 
Bmnra^ wehare 

= and IF, =s Jmiii* = «r^ 

where l^aa&I'iaiw to abBototetemperatoxeB, henoe 


]>, V, aadNha' 
tf&heto' 


the aame m ea nin g as m Arb 841, and 
oondBffitmty 


u 


Qssl. 

0 

qSunnal oondiiehiity _ 4 _ 8 

f - jsftyv 

“iSr 


to* iB, to ratio ib independent of to metal and u 
pnmwfaMmal to to almdnfe temperatnrej ftia m Ste 4ne 
qf ^tedflnann and Auw AH the quantitieB ne l^wn, 
^iBobBfatotiBgtorBlneBmto eqnatum, we find t^ 
to ratio at 18^ 0 u 6 8 x 10" and to temperatnie oo- 
eSaent 866 per cent E^emnentB gm toe idlowing 
lesnltB, wUidi are m dose agreement* — 
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Vaterial 

eondaetlfltr 

FleetHeil 

Tein|ientur» 
CoelHcIent of 
tblsnUo 
FoToest. 


conduetlH^ 

At 16*0 

Copper, pure 

CG5 X 10» 

039 

Silver, pure 

G 8G X lO'o 

037 

Gold 

7-27 y 10« 

030 

Niekd 

6 99 X 10« 

0 39 

ZlRO(l) 

7 0> X low 

033 

Zmo (2), pure 

G 72 X 10« 

038 

Load, pure 

7 16 X 10» 

040 

Tin, pure 

7 35 X 10'® 

034 

Aluminium 

6*30 X 10“ 

043 

Platinum, pure 

763 x 10'® 

046 

Iron • . 

8 02 X 10'® 

043 


Tlicso And tho rcsnitfl of Art 341 indicato that in metals the 
current and ot least tlie greater p\xt of the heat ate earned by 
elcotrons , in the latter cose tho atoms, by oollision, also play a 
part 

343. ThexmoJaoctricxty.*>«Conndor t\70 metals A 
and B m contact, and let the number of electrons per unit 
volume of A be greater than the number pei unit volume 
of J3, so that tho pressme of the electrons in A is greater 
than the pressure of those in S Electrons will pass from 
A to £ (xnahng B negative and A positive) until the 
difference of potcntml produced prevents any more elec- 
trons passing from A to P, thus we have a simple ex- 
planation of tho P«D arising from the contact of metals 

Again, if an external F.D be applied to the junction so 
that a current flows the Felher effect comes into existence, 
and if P be the Feltier coefficient P ergs of work will be 
done in tbe iransfeience of unit quanti^ across the junc- 
tion 1£ Ni and be the concentration of electrons in 
the two metals (i e number per umt volume) the charges 
per umt volume will be NiC and 1!^^, and the volumes 

coxrespondmg to umt quantity will be and 

favely Further, fiom the Emetic Theory, the pressure due 
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tttui m tbB ean BAto 


^ ss 2*1 

WlU “flWMJoXB ^ 
Honce {ho votk dond m 


ttwuienmg vut qiiantity u girai l)j 

p=j^,*=»a(^» 

" =t, rlj;;‘U (.• — 

.J,.T i lii 




TfaiaermsiherdatioAlselm^ d 

pQiteati^ the coxBxntmtuA 
dbBigOiaiid&etein^^ Ikmlouiivndalaiih^ 
JVJjjy, can be cbIcqIkM fcm the above; fnr ocg^ipcnr and 
amo it ia al)oat 1 08 , &r Immxtib and 


Tin Itowm eBbca wa be CSoneidar the 

end of A ocindiiotor to be at a mgbflr tenq^tnm tbaa 
and let a eanenb floir from JitoB Bmoe tba prow nr e due to 
eUetcone unm \jy fifolT, the eneigjr of the deonoui m the oon- 
deotiorenUMiniinttndBiiioetiifl^iiioTO puts at a bmr to 
parti at a hifdiee peenan (deetEOBi era n^tim) ; Ume 
oa ties eeeoant, be a beabog aSeet At the jarae fnMi the 
eleotnmi mil be oamed oat of the oondnetar at A, ahera (heir 
faneho eiwigvu mater, Bad into a; ahen their fao^ energy ii 
kea,tli»Ieeniiiglnaeo^^ 'WhuhoftheaetaoeffiNita u 
greater m ai^ oaH^ 10 that Ste sm of tliA Thoeuoa e&rt niMT be 
prediided, oaa OD|;f be nettled faff nriher km 
Ommeeted with the above IS file aflbot prodraed when one part of 
a eondnotor u mddenibf' heated SSm iniiRaeM the of the 

deotzOBi 10 that pest, tht^ nish to other parte am the elfohbcd 
m ehtcm thfl^' carry SB to wtvppofcenbalds&Mnm , hen 
hoirem, further hnorodge la r^mred m ord» to oto med 
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34^ Condnctzosi in a Magnetic Field. Site S^r 
£ttingIiaizsen*Heni5tf Sttinghansen, LedaCj and 
Longitndinal FfTects. — ^Ibe 2WI effect was discovered 
br Hall in 1879, and znaj be briefly described as foilows 
If a current passes between two points, P and Q» in a thin 
metal plate tbe bnes of flow diverging from P converge to 

Q as shown in tbe di^tam 
(Fig. 5181, and the eqm- 
potential mes, everywhere 
at r^ht angles to t£e lines 
of flow, run as indicated 
by the dotted Hnes m the 
figoie. IE this thin plate 
carryiup a current be 
placm m a magnetic field 
with its plane at right 
angles to the field it is found that the of lines of 

flow, and therefore the equipotential Imes, suffer distor- 
tion. The points P and Q remaining fixed, the lines 
appear as if rotated round the direction of the magnetic 
field as an axis ^ Iroohu^ aloi^ the lines of force the 
system of Imes is deformed as if twisted to the right in 
thorium, iron, zinc, and antimony, and to the left m 
bismuth, nickel, and gold. Li the former the eSect is said 
to Ise positive and in the latter negative 

Bxp. The elTectiB demonstrated expenmentally hy notieing the 
displaoemeat of an eqaipatcntial ImOi If the pmnt^ ha connected 
town terminal of a sensitive gahanometer it is ea^ to find another 
point q at the same potential as p by adjusting the position of the 
point of contact with the o^er tennitml until no csnent nssses 
throng the ^vanometer. Let tins e^nstment be made before 
placiog the phte in the magneho field. It will then be fonnd that 
when the p^ate is placed in the fiddacnrrent at once passes throiigh 
the galvanometer, indicating lhatp and q are no Icm^ at the fisme 
potentmL If the eqnipotential bne initially passing tbroo^p a^ 
q be supposed to be rotated to the right by the actum of the fi^ 
the pointp evidently passes into a region of hi^er potentialand o 
into one of lower potential than at fixsi» and the ourxent in the w* 
vanometer will be fiom p to g If, however, the eqnipotential one 
be rotated to the left me current will be fvom c top Henc^ tw 
direction of the current in the gidvanometer snmcates the sense oi 
the distortion of the bnes of flow and magmiude of the current 
indicates the extent of the distortion. 
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H e denotes the diffecenoe o£ potential thus pxodooed 
between two pomte eqoidutoiit from P and Q I7 a field of 
Htxenglili Sf m tliB oase of a plate of thickness i oastying a 
emtent I it u foimd eaqpenmsntaQj that 


6 



wlierB d is a oonstant under giren oondxbiona 
eS^ is yeey marked in bumatli and teUnnmn 


XheHoll 


Tha dMSteOBiio fheoty sopphea at pramt^ onl^ a par^ 
tion. In Fiff 510 let 2 ba m mieobaa of the onxrent 0 e Pto Q) 
and J? the mieiaaoa of the magnatu fidd The eLeonona, kauig 
wdl be morag m ^ direotum Q to p and an apphoation 
of the rales given mpmiooa pages 
will abow ilutt the magnetio field 
w ifi xoiiilt in the deotroni ben^ de* 
fieoled vpunnZB ao that p u at a 
lower potetul than o, aeathe ngn 
of the £bU aflfoot u wait frand in 
brannth . thw does not aoooimt for 
the eflbot with rerenad mgn 
(ag antnnony) On the other hoiSls Fig 619 

u potiftiie eameta ooidd also be 

manned monng born P to Q fheaa alao woold be defleeted no- 
waidsi tending to make p at a higher potentoal than g. and booi 
ama ooold be aoeounted for aoomdmg as to whuSi or iho two 
emots pcedommated The morn olgeoraona to tho loiter idea ore 
( 1 ) tile ohaxgod oamen meat be the aaine m aUmetalat andwlnlat 
tins lathe oaaewitiielBQtcoiiB tile “nidveniii positive partiole” baa 
not pet been defimtdy found* (S 3 the positive partulea fimnd ao far 
ate of atomic dimanaiona 

Omwndar ogamFig 6 IQ 9 bet instead of a ourent let heat be flow 
mg from P to Q nie eleotrona from tiie end P will have mote 
enecgv and bilker velocities than those from QandwiUbemocede- 
fieetM by the magnetio field Smoe their dsteeUonof defleotioaiB 
doiDRiMim the leiidt will be that the fane g will be at a lower po- 
tentul than the finep ExpenmentpEOxea that tins is ao^ uiditia 
known at the Bttmghaiiiea^lfesnBt eiEaet 

AgsineonsiderFig 519 with the enrrent flowing from P to Q 
The elmtroranmi ms upwards aoqmvemcreaaedeneigydiie totms 
moboii, urtof whum is oonumuneated to the moieonm therop with 
the vesa ft that the JXpffw face beoomm at a h^g^ber tenipnatiin than 
tbolowwlaea Experiment pnivea that tins is so and it is known 
as the SttmgluniBeiB efliBcfta 

GonsidoragsmFig 610, hot instead of aonrrentletlwatbaflow-r 
mg fnm P to Q Fk the xaaaona already giten the eleehcns 
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movmg downwards will cause the lower foce to bo at a higher tem 
prature than thenpperface, smee they hare greater \olooiitics than 
th^ mimng npwarda, Expenment proves Uiat this is so in some 
opposite in other metals , it is known as the Iteflno 


It shonld be noted that^ whilst the first and lost effeots htt\o re 
versed si^, all metals shoTv the second and third efieots as indi- 
cated in theoiy 

It IB evident b^t the tmn8ve)S9 tffecU indicated above will result 
in longit^mia i o efieots parallel to the onmnal ourient and 
Thus m the Hall ef&ot {say in bismuth) the path of 
the electrons beoomoB curved and it is easy to deduce that the final 
result » a Muotion in the current flowing , this is equivalent to an 
inomso in the apparent resistance of the msmuth, and this hns been 
used for the measurement of mognetio fields The following bncfli* 
ramman^ toe tronsv^ and longitudinal efleots , the reader will 
tomrolf ^ latter, on the hoes already mdioatod, for 


Transverse 

Longitudinal 

Hall efieot 

Ettmghauson-Nomst ofleot 
EttiQghauson efieot 

Leduo efieot 

Vanation in oleotneal condnotiiity 
Difierenoo in potential 

Difibronco in tomporataro 

Variation in thermal oonduotiiit> 


oxplanatm of the Hall olToot on Thomson’s theory of cou- 
Quotion in metals would bo bnofly os follows Imagine a doublet 
X centre, so tlint tlie two Inigos tnoi e 

1 vdooitios The oflbot of a mngnetio field u ill bo to 

inmino the of the doublet to the plane containing the olcotno 
ana mametio Holds and tliera will bo a flow of electrons at nght 
angles to wth, the direction of the flow being detonnined that 
em of the doublet which moics the quicker , tons wo haio the Hall 
eiTcot wiUi eitAer sign There are still, however, diffieuttioa uitli 
this explanation 

34;5e Kag&etisiii.-*-The molecular theory of inftg- 
netism has boon fully dealt with in Obaptor I , but it will 
be noted that the theory accounto for paramagncfism (nnd 
ferromagnetjain} only, not for dtamagnehsm Wobor was 
the first to frame a tlieory of diamagnetic bodies, nnd 
Itlaxwell gives this theory somewhat as follows Imngino 
that the molecule of the substance is a perfect conductor 
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of dfloinoiiir* Wlea placed in the sngnelio field due to 
(■ar) an inchiomff mapiett induced cmixtmtB ate fanned in 
earn nufieeDle, ana thm t^ to oppose the motum (Lnu'e 
latr) These moleoalBr oumnte act lihe ™««.H Tnu gnafai 
whose rales ate, theDeface, tmaied towmrdB tiie ItZ« piue of 
the moiienig magnet, and nnee thsj flow m a pafed con- 
dnstar they will continue to do so untfl they aie w»^ oat 
ly equal apposite induced otmenis due tothedestrao* 
tionofthefida These induced enzrents thus pnmde the 
necesssiy esplanabon of diamapietisin; np to this point , 
then, a body is panuiu|pietio or diunagnewo accoiding as 
to whether the eSeots dealt with in Art 8 ate gr«a.tar or 
less than ibe afleota due to tto induced minwnta 
We have seen tihat Ampera postnlnted m i m m ifai flavins 
round peiftatly eoaduoiing cuouits in the mnlaimTiMi, 
fuither, that m a magnetio field fihese annnts set fhemp 
seilTea so that, for exam^, tl^ "cHoidcwiae” dmetioin 
waa towaxda the nortli pw of ^ indtuans magnet At 
the aame time these peifecfiLy oomducting Quomts provide 

the nacesaaxy paths for I3u Maxwell mdueedounents men- 
tioned above, a body le, thetefoie, parsmagnetio or dia- 

magnebo accoidmg aa to whether file eSsct of tile original 

or the induced ounente la flie griw.faw . -e— • 

The deetnmic theory of magnetum ia a oontutaatum of 
the above Eleofatona moving in <doaed orfarts within the 
atoms tahe the place of the Ampereaa onuientsinperfsotl; 
oonduoting oiicmts, and Os eHentien whidt, at ^Utam 
MproduMd m Oat orhtfs tv tht inAinnff fiOd 
talEestheplaoeof thellflxwdlindnoedoiimniB, abodvu 
faramagiMlio or dbmagnaho aeeordtng at to w&sAsr Su 
o naatof ioB qf tta o>^ tnto fkt nuetasry dtrschoa or Hu 
eUtmiott m tke oimh due to fit aaaiuhe ddd produeti 
fhtpradomnab^ tffiuf ^ 

aimplioify we shall assume the eleotrozu movms m 
owes viioro plonea axe petpendiodlar tOt Mtfl aar ^ m tha 
direoto tS, ^ u^oing field, and shall show that the 
uters^ mthe orhitB due to the magnetao fi^ leads to 
the ^enomena observed in diamranetio bodies Bi the 
more gmerel mse the mobon of eleobtms ooidd be 
resolved mto three oomponentB, a Imear motiim in the 
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direotion of the field aaid two equal aud op^site cizccilar 
motions m a plane perpendicular to the Md, but the 
general principle will be equallj well illustrate hy the 
simpler treatment 

Consider the electronic orbit and the magnetio field to 
be as mdicated in Fig 520 Before the magnetic fidd is 

put on the centrifugal force 
18 



Fig 620 


towards 0 ^ proportioiial 
tor, tie by a force equal to 
(say) j/r,, where r, is the 
radius of the ortut, hence 

^ — A. 

-I J^i 


When the fidld is on, the force due to tihe field is E&t 
and 18 directed outwards along the radius, and, sinoe the 
motion of the electron is perpendicular to the forces, v is 
the same If r, be the radius of the new orbit 


— = yr, — HeVf 

.. p — 


IS 


wio* mi? 


JTso 

V 

Hev 

r. 


But^ if 7, be the period m the first case and that in 
the second, T^=i2arrJv and r,=:T,e/2ir , so also rj=S?,«/23r. 
Substituting and reducing, 

i.-. ^ gs 

(Tj + T^(T,^T,) m 

VT} 2amT; 

orapproxiinating.byputttngr, + T, = 22\andr,Zi=r,*, 
T.-JR Jffs 



autoratoNia raxoBisa iXD *hh mw ismcn 4 S 8 


lIow,aohaig8ani0Taigmaoirolerfawa ®m peno^ 

trmA r IS eqmvaleat to a ounsnt efT, nafi the magn^o 
m«n«A oE the orWi le MjT Thus the momimt m ^ 
finteaee is eafT^ or »T,Vr, anamtheswMia^m'/^rg, 

ftinil ‘Qie dhange m the moment u ^ there 

an N andh orIntB per unit rdnme, then, amee the iudneed 
infanwiy (J) ia giTBtt Ij the dinnge m moment per oiul 
Tolnme, 

I = 3h.(^-5f), 

or, rinoe rjr^ =s TJT^ 

_ iniAi 

4m * 

aadi if K be the muo^faDifyt 

I 

ST 4ra' 


ThQB K u negaimf as ii the ease mth a diamagoetie 
body A mote exact treatment (aee above) would merdy 
mttodncB a Bmall &otnr to the xwbt-haad aide 

Thsreisnoliidtaigvidiwto diamagnetunit for it 
IB propcotioKial to the field S On the other baiide a pam» 
magn^ boc^ wdl be satmated when eU the otbite are 
ttuned into tibe proper dneoboni and thu rnnyimrtm m. 
tensifyiB Jffla/T 

SuiQB diBBUpielaaD u doa to mtentonno aotioim it u mBonahle 
to upM^iawpcndent of tompetaturd , toRonwgDetioa of Art 
^^maouer bud, probably imcdTeancntaticsi fdatoBU aod imila- 

ha a rMent oonunoiuoation Iw KetaTo^toSS^he fenoniBflnBto 
moleonlo ii nearer Bphenoali lha pacanagnetio elongateds km the 
tnmionnatHm of a fetromacnotio into a paramagnatio at hiA 
tenq^timnexptoioadastooreaBltof tho aradiiSl flattemiur of 
tha aphenoal molewe 


3M, UCagnetiaiii end SUght. (1) Xha Beemaa 
Sflboti’^Zeenuux duooveied in 1M6 tlut if a source of 
bgbt produoing lme«ipectxa be placed in a mn gnafift field 
u Ann £. ^7 
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the lines 'were resolved into doublets or tnplets or even 
more complex airangements, this is known as the Zeeman 
effect. 

To consider the simplest case when the source was viewed 
m a duecbon at nahi anghs to Oiat of the field a tnplet was 
produced, the middle one which occupied the undisturbed 
position bemg plane polarised, the electnc displacement 
being parallel to the field and the outer two being plane 
polanm in a direction at nght angles to the middle one 
When viewed along the da emon of {he field a doublet was 

S reduced, the two bemg mrcularlj polarised m opposite 
irections. 

The electronic theory affords a satis&ctoiy explanation 
of the Zeeman effect Suppose we are loolmg down on 
an deotron revolving in a counter-clockwise diction in a 
honzontal plane If a magnetic fidid, acting verticaDj 
downwards, is produced by a magnet, then (Art 170) the 
orbit of the elytron will expand The linear velocity of 
the electron, however, remains constant, with tiie result 
that a smaller numl^ of revolubona will be made per 
second Bj similar reasoning an electron revolvmg m a 
clockwise direction will have its orbit diminished m dia- 
meter, and will theiefoie make a gieater number of 
revolutions per second The orbit of an diectron revolving 
m a vertical plane (tea plane paiallel to the magnetic 
field) will not be chan^ m diameter 
]^ow the emission of light by (say) a glowing gas is due 
to the motions of electrons , the number of revolulaons 
per second will determine the number of waves produced 
per second. Eor simplicity consider a single electron 
AJl possible motions of this electron can be resolved mto a 
Imear motion along the fidd and two opposite circular 
motions at nght angles to the field Imagine now the 
light to be viewed in the direction at nght ang^ to 
the field The hnear motion along the field will send out 
vibiations parallel to the fidd and of the ongmal penod, 
say Zq, so &at the ^ectroscope will reveal a Ime m the 
undist^ibed TOSxtion, plane pdaiised, the vibrations bemg 
paralld to the fidd. The two circular motaons at right 
angles to the fidd .will send out linear vibrations m that 


*> I 
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direotioiit it xb fheur own pianos but as dzenlar 
motions BZB opposite Uie penod of onfi will be incmased to 
Tp that of otbor deoieased to 2^* br tiie fidd. Thus 
the speoteoBcxipB wdl lered two addxbond linesi one on eadi 
nde of the nndfirtnrbed ImOi comqKxndixig to the ang^ 
meyitefl and dixnixuBlied freqneiu^ zespeoliTdj' i these 
addituinaltwo are plane polasise^ Hue Tihxatums beang at 
n^t aaigles to the fida From Art 845 it foUows uiat 
X|fmd dxSerftom l^anamoimtiprenxremeci^^ 

2L*. bence 


4«m 


T,-T. = + ^.T{. 


ITow imagine the light viewed m the dueetion of the 
Add Tim linear vibidaonabnglbe Add 0^ no waves 
in tiiat duection The two owoaito omsGuar motunu at 
ng^ anglfis to the Add wifi lesnlt in tbe enusmon of 
loaito cmmlarly pdansed bg^ m the d]xeeti0n fji the 


ISmspectmooTOwillthmforeieredtm only, 
one on each sde at the original poszbon, and the light in 
them wid be^ouenlarly polmaed m opposite dixeehons 

The equation above may be espxesied in terms of the 
wave 7 , dnee 7 =: TT, wbme 7 is the vdocxiy of 
light, Babstatatmg we get 

HrJi- ^ S 1 
7,* '*’« Sr T* 

^ow 7^, y»yv and JET are quantities wbidi eaa be 
measnxeai and nenoe gbiq be determined , Uiiib in die 
case of tlm ttmlet witn mereiny vaponr itbasbeenfonxid 
that s^sslo x lO*, wbidi laindoseagweement with the 
value found for bathode rays (1«77 x lO') and farther 
supports the eleotronxo theosiea given in fins preeed*^ 
mgdiapterB 

347a HKsgutiam and (3) The XkzacUnr 

and Sees :raho«ar-ln 1845l!hreday fimnd that when 
dew lead glass was placed in a magiiBfao Add it ac- 
quired the power of rotating the^pla&e of pdansation of 


w Aim £ 
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a beam of plane polamed light; this is kno^ as the 
FaxBda 7 effect. 

Much -irork has been done on this rotation of the plane 
of polarisation in a magnetic field br Texdet (1832), 
Oomon (1877), Becgnerel (1877), Bajlrigh (1885), and 
later bj Bodger, Watson, and others. It is now hnoim 
that most snosfuces exhibit this e£E^, and it is well 
marked in bodies having a high index of refraction for 
bght ; in dealing with metals rexy thm films must be used, 
but effect is very pionounc^ in the case of an iron 
film. 

The amoont of rotation depends upon the material, and 
is also proportional to the component of the field intensity 
paiallef to the direction of the beam Hence, for a given 
substance the rotation is a maximum when the directions 
of the beam and the magnetic fidd are parallel, and zero 
when they are at right angles. The dir^hon of rotation 
is, however, not reversed by reversh^ the direction of the 
b^m 

Hi experimenting, the substance may be placed between 
the poles of an electromagnet, or more sati^^toxffy m 
the mterior of a long coil, and a beam of plane polarised 
light passed through it parallel to the direction of the 
field. The amount of rotation produced can then be 
measured by a polarimeter in the usual way. The amount 
of rotation is proportional to the length of the substance 
traversed, and as the sense of the rotation is not reversed 
by reversal of path, it has been 
found convenient to increase the 
length of path by mtdtiple re- 
flexions, produced by silvering 
the ends of the piece of substance, 
as mdicated m Eig 521 
Fig 52X amount of rotation also depends 

upon the strength of the field, 
and results show that the general law of the phenomenon 
IS that the rotation of the plane of polarisation along the 
path between any two pomts is directly proportioim to 
the difEerence of magnetic potential bet^n these tm 
points That is, if P denotes tiie difference of potential 
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befcweea any two pomtii md 8 tibe obsemd lotahon of the 
plane of poianBafaga due to fihe tranamiaBion of a beam of 
plane polanaed l^bt along the line jmnix^ihe pomtSi then 
8 = 7P. 

where 7 » a oonstant depending on the matenal 
IhiB law WB8 eminGiated bj Yeidet and la known ae 
Verdeya Law, and the constant 7 la known as Yexdetfs 
oonataai t. ^j^Taloeof 7Tane8 withthewawalengthof 
Ihe b^t and la appxosixiiatdy mreraelj proportion to 
the aqpaie of the wave lengfh 
7or all dumagnetio aabatanoea the dixeetion of rotabon 
» the Bame as that of the emreat which woidd produce 
the m a g n eta e field to which the rotation la due For paxar- 
magnetio suhstanoea it la m the opposite diredaon 
For pure oarbon bisulplhidB uie ybIub of Yerdel^s 
constant at 0. is gnren 

7, = 7.(1- 0010«- 000014?), 
7.heii^e^^to 004F 

Jsi 1^7 Serr discovered that the plane of polansation 
of light was rotated 1^ xefiectum at the polished suxfiuse of 
a magnet} this is known as the 
Bexr effoot. 

Een^s xneChod is shown in Fig. 

62S A nlane polarued beam from 
the ITigoI pnsm A is reflected br 

iilsM # 1 imm* •m * 


Big ASS 


niools are croased and the u 
dark vAm magnet is not exmted, on escitnie the 
”^2® ™ wpeatB and ia extmguuheaa^ <m 
rotating B, Bstr frand that if the plana of pnlariini.«anii 
ispazaUeltotfaeplaiie of inmflnnce the rotation ism the 
same oneonon as the magnetising eurrent 


throng the opening the 
soft iron block I faDs rertaosllj on 
fte iwnet pole 27 ; hm it u re- 
flected, andpasBing upwards is ana- 
lysed by the ISTiou prism JB The 
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lion ni!i\ bo rci'anirt! M rcrohc^l into two oppo*>tto eireulAt Mbm* 
tJonB, tne rrhtn e plm^cT rcttling (be jpUno of pohriMiton hen 
the flelfl m on the oroulnr nrc Alt^rofl* the penocl of one being 
Aiigmcntecl* the other djtninHhe'h nnd (he index ofrefnetion for l?ic 
two componentA ihcrcforo not tlie nwe The tihtiio phve on 
cmerccnco is thirefore Altered ro (hit lhe> comhmo tn form ft plane 
polamed W'lm whiro phne of pohn'"itinn tn “rolflled" The 
reader eho'dd thinl this out m rletoilfor Inmsflf, for thereore miny 
intermediate pomte, dcilt with In this iind prowling chapters, 
which ftre omitted in tins hncf nummary 
Tins rotation of the piano of polan'ilion maj l»o u«'cd in mensnr- 
ing A rurrenb Let the o.irrent to h" ropasnreJ bo pawrd round a 
uniformly wonnrl polcnotd hating n tunJ'«p'»f unit Irnrth Then, if 
Iho rotfttion pnKlnr^d b> a column of carbon Insnlphino, of Ungth r, 
placed m tho inUnor of the eoil with it^ length parnllel to ll» axis 
of the coilt l»o denoted b} we bate 


That IS 


a zs VP or, Mnee P s= 4rn//| 
i » 4n3//r. 

7 — * 

4^* 


and / IS determined if Tis Lnonii and n, /, And d are oh^ened 
In 1875 Kerr discovered that a diclcctno when Biihjeclcd to 
cIcctro^lAtio stress became doubh refracting and coni cried pane 
into ollipticalh polftriBed light , this nlso is epol en of as tho “ Kcrr 
orreot** 


348. X Bay Dil&actioxi and Crystal Structure.^ 
T^lio absence of regular reflection, refraction, etc, carlT 
obsened in tlio case of }?r)nfgen rajs, teas attributed bj 
Schuster ns being duo to the shortneos of the Trare length 
— n viovr which modem srork certainlr upholds 
In some recent oxpenmonts bj liauo, Tnodneh, and 
Snipping a fino pencil of X rajs was passed through a 
thm crystal slip, tlienco impicssmg itself on a photo- 
graphic plate, and Fig 523 diagrammaticallj represents 
the result in one case— that of a crystal of nne blende 
Round the central spot a number of other spots are 
symmetrically arrangea, tho arrangement rarying with the 
structure of tho crj sfal , 

Tho effect IS duo tho diffraction of the rays by tne 
atoms of the crystal Tims consider the rays fftllmg on a 
piano containing Atoms a certain amount of reflection by 


XXSOXBOmO XEXOEilBB tXD TKB HSV valBlOS 


498 


tTi^ abmu oDBun Inuunos ft secoind phns oI 
liduiidfheflnfeftadpairaMtoit* tbs pninair. mutSBed 
m its mssagsb u agam 
pazbalfy xeBasted bjr the 
atoms, and so on The 
leflsoi^B from two dd- 
leteat planes may on is- 
imnmg ettber zemfone 
or dmbtw eadi other 
Thegr w^ xonforce if 
the WBVss ezaoify fit, 

OTBSt to crest and troogh 
to trongh, and this 
he BO if the distance 
"lost” by a lefieobon 
at one nlame m compan- 
son wi^ ft xdteetian at 
tbe preceding plane is 
an mtegtal number of 
wave lengibs MathBrnafacally it can be shown that the 
condition for zeinf oroement m tbe oase of two panllei 
plones of atoms IS expressed by Iba relation 



Tig 62S 


d = 

2 sm 




where d is the distanoe between the planes, y the ware 
length, fi frie anp^ (dinodenee, and 2r an uuem, thus 
remfiwcement dmends upon the spaemg of the jmiiea, the 
ware length, ana the anm of nundmioe She ei^lanation 
of tbe £auB photogr^h is, thmefine, that &e difEerent 
seiies of spots are snoply refleetnms under suitable oon- 
ditions in the difiarent seines of planes maifamMug tbe 
atoms <d the oystel 

Bn^, oontbmiim this work, used the Z nw opsobv 
meter (Big 5SA -Da Z rm pass thxongb beles m fte 
lead bm B and lead plate P. and fall on tiie otyatal (7, 
wbidhismountedonatalileil^oapal^ of rotation, fifiaa 
dh leading the nfieotednys to an lonnation abamW J. 
In eipenmenting Tia turned to ranona positions and the 
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ai^le 9 and the ionisation noted. I 7 nsmg Iho 

same cxyBial, the radiationfroio Tarions X lay ^bs inaj 
be examined^ or by nsmg the same zajs the spacing of the 
atoms of a czystal in di&rent diiections may be examined 
and ctysial stractoe investigated ThnSf for example 
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Biagg coxidudes that m the case, say, of sodium ohlmde 
crysf^ Ihe diff rac ti ng centres axe in onlnoal array 
52§)i the black dots beu^ sodinxn atoms and &e white 
cxndes chlorine atoms for farther details the stnd^t 
Aonld consult the ongmal paper of Professor W S 
Bragg. 


Bxercises XZIV. 

Section 0 

(1) Write an assay on the application of the deotam ^ 

the ei^nation of eleotno condnchTity (BE Hons) 

(2) Explain why there » an apparent increase m 

hy obargmg a hoay \nth deotrioi^ ® ' 

(31 Give a short acotnmi of the Zeeman effect and of ^ 
feon on the electromo hypothesis ttonsi 
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Cl) Dewnbo tlia Hall afibot^ and di—w the tiieoiy nrldeli hu 
ben odTSDoed to aeoonnt fbr it on iha JiypotSens of atootniiu. 

(BBHmn) 

(5) Aa deotnmol naes 10-** gcammee zotatai 6 x 10^* tunee a 

OBoondioimdaaatomBnppofledtD be at mt; find ^ fom mth 
vlQob tbo oleotnm mnit be attarafeed to tbe atom m terms of the 
xaduis of iti orbit I! the atom baa a pontm charge <d IQT^* 
eleotxostabo mute and the deotcon an equal nqgatm charge^ 
oalonlate the ladiiia of tbeorfaita aamiuDg tiiat the attractive fim 
n pnid^ the fbm batmen the ohaegM (BBo) 

(6) Give a abort aoeaniiit of the eSbote of tranamitttog l^t 

thnio^ a magoetued matenal, and of refieotuig it ftom the antmoe 
cf a megaatiaed body (BSo Honai} 
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I Sobd Angles —The enression emplojed m (4), page 98, for 
1dx6 solid an^ subtended at Jr (£ig 91) oy the oiroular AB 
may be reamly found as foUoirs — 

Consider a sphere and its arctxmscr^tng c^tndei (t e let the 
sphere have a cylinder drawn about it^ the base diameter, and 
height of the cjlinderi being therefore each equal to the diameterof 
the sphere), and ima^e a senes of planes parallel to the ends of 
^e (^Iinder, such planes dividing the socface of the sphere and the 
lateral anrface of the qylinder into zonea , the area of any zone^ the 
lypihere is equal to the area of the correspondmg zone of ike efimaor 
Now oonsider Jig 91, and imagine a ^bere u ith centre P and 
radius PA The area H the segment out off by AB mil be equal 
to that of the ootresponding zone of the 03 linder The oiroom- 

ferenoe of this sone is SitAP, t e 2z(x^ 4* r*J^, and its width 
IB (ZP - fc), f e {x^ + * X , henoeits area (and therefore that 

of the segment out off by AB) is 2s*{«* + r=)^ {{r* +r*)^ - x} 
Thus— 

^ _ Area of segment _ 2r(g- + - x} 

(Radius)* («'- + »“) 

_ arfa* + -- g} ^ ^ / ^ _ » \ 

{»» + r»)* V (**+1^)1/ 

«2»-(l-oosfl) 
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2. Xha VhaaUm of BlootEons m m Atoiib— -Botoenoo 
baa been mado m Ark 589 to Bothaifod, Maadon and Geiger’a 
mk oa Uia detamuiiatum of tfao number (if) of free poutiyo 
cbaigMutboimideiuof imatooii andthec^^ xmmbar (i?) oE 
dasttona ontaida liio nnoleoa Aa tiieae reaidta an now aoo8pM» 
aTaiybriof notaon tiha **]iiafihamatiaa” of tbo umstagatun may 
baofmtemttotiieBfciident (Baa PftiS JToy zxi (609)aiidxx7 
(6U)) ThatmtmeiitbaloaruaiDodifioatioDof Millhan’a 
Oonaidar an a pavtuda nidusg ateaighton to a mudau^ gattmg 
toitaneoiast dutanoa x from the oantxaof thamiQlaiu^ and than 
baing daflaoted tfazoo^ ISQT bank agam along ita hna of appetNudi 
Kndanlly tiia ongmal kmatio anaigy of tiia a paxiuda moat ba 
cquTatentto the work dona m moni^ op to dutanoa x nndar the 
zapidnon of UiaxniQloD8| • e 


(i> 

orhatalmi^ s ongmal kinatie anaigy 
of a portuda^ + ■■ totd noolaoa 

diaiga (c » aleotnn duxge}, and 
So ii the known dhaiga on the a 
paitMda. 

Nov oonaidar tha a partude noth* 
ingnob **atiai^t on** to tha nneleiaa 
A fjhg 528),bataBiiidioatedmtha 
figmvhata tha « partudo u dafleo. 
M throng aa angle /I Li thu oaaa 
if V ba tha relooity at B andu the 
Tabwity ongmally, our energy ax- 
praanon beoomaa 



«h«a jD»XB 


^1^ — |md 


ige(2e) 


(S) 


ByvdlknownpRq^aaof thahjpecbcila»thaaoBeiitrioity an 

equal to —1— (Fig 526) and AO « tOBi hanoe ^ 
ooa a 


DmAO + OBmAOH +1A- -i_(l + CM*) . I (L±SS3' 
X / mn a \ XU a j 


i.e J> >■ I eot 


r 


(3) 
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And from clomcntAty mcdmnics (Gonvcnation of momcntnm) — 

Dv s fic (4) 

Now from (4) i* = ^ , and from (1) ond (2) ^ s ] * ^ , 

hcnco — * 

P = D{D - ») => / - x), 

•*« SC n 2f cot a, 

♦ e I=icotfi . (4) 

where ^ s the defleotson of llio o portsclo ■» (ir - 2a) 

Fnrthcrp if there ore n molecules in n cube of 1 cm side tho pro- 
ba1>ila3 that Another molecule shot through the cube will **hit’* 
one of the contomed molceulce n known to bo vnd* where d is the 
diameter of a molecule In tho same n a> if there are ti atoms per 
0 om mapiccoof mctol foil of thickness t tho probability P that A 
smaU partiolo shot into the foil will come within a distance f of a 
nuolous IS given by — 

P = m/P, 

and this is tho fraolion/ of an> given number of small particles 
shot into it which wiU come within this distance I Tho fnotion 
sihich will come within the distonccs i and f -h d/ is 


dfP = 2rftdd/ 


Now from (4) 


dl si 9$ 

If- -s 


and anbstitntiDg for dl and / in the precedug - 
<IP-2'Mf|cot|(-| Lcosco» 



B — i^x'eot^eosGO*£d'/I 
4 2 2 

Hence the fraobion/doBeoted between tho limits pi and h 
be obtained from tho above b} integrating between Uieso limits < 
tho integration gives *- 




1 - cot* 
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Uanden and Geiger detemnnedi aa prenon^y u^beated, tiiu 
Izaotum to the hnxnni angles Pi and h <uid then, Imowmg n and 
narai toad SnbetitatiQg the Tahw of 9 sn (1) and knowiugtbe 
eneigy and the tbIos of a, the re q nired Talne ISF mia fonnd 
!niA nnato of free poaitoe ^iBirgea m to inioleiia (and ther^^ 

to nunher of aleotrona outside) nraa tomd to be aa mentumed xn 
Arth8S9« equal to half to atonuo ureight or aomewhat leasi and ai 
uraa of to order 10^1* am to gold and anudler to lighter elemeiita 
IF moat of cooxae be a whole nomber and la taken now to be to 
ateaiixeaiiinJierwhidhfJGr i- l)iaxoii|^, to other elemental half 

to atomio weight KBllycMaaetot to (aee^ S8&} 
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3 Aioniio Vei^hUf VMonclos^ and Sleoiro-oliosiieftl 
ISquivalents. (Intcrnattonul Atomio Weights 1912 , 0 » 10 ) 


Dement 


Alumininm 

Antimony 

BiBmuth 

Brorntno 

Gulmnim 

Celcinm 

ChloriDO 



Hydrogen 

Iodine 

Iron 

I/sad 

Meroury 

Oxygon 

rintinum 

Potosiinm 

Stiver 

Sodium 

Tin , 

Ztno 


Atomio Weight 

{o^ior 


Vialcnoy 


(Al) 

(Sb) 

(Bi) 

(Br) 

m) 

(Oti) 

ICl) 

(Cu) 

(H) 

fi! 


271 
1202 
203*0 
79 02 
11240 
40-07 
33 40 
01 S7 
197-2 
1*003 
12G92 
35 S4 
207 10 
200 6 
16-0 


lit) 

CK) 

(Nn) 

(Sn) 

(Zn) 


193*2 
39 10 
107 88 
23-00 
119-0 
65-37 


3 

3 

3 

1 

0 

2 

1 

1 or2 

3 

1 
1 

2or3 

2 

1 Dr2 
2 

4 
1 
1 
1 

2or4 

Q 


Electro ehemleoZ tqvxtxdentc (grammes per ecmiomb) — 
Cas-0003293; Ag» *0011183; Zna Q0033S7, Ha 00001044 
^ote — DiorotQAl equnaleni » Atomio treighfe Valency 
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4 Spaoifio SeiMa»oeS| CondiiotiTitlts, udTemperatBre 
Ooefltoimiti 


Snlxtance 

! Sp Res at 

1 ISr 0 (ohms 
Iperom oabe) 

OmidnotiTity 

at 18* 

Tempexatnre 

Ooemoient 

Siher 

i 1 66 X 10-* 

606 X i<r 


Oiipper (diavn) 

1 78 X 10-» 

662 X 10 


Zine 

61 X 10-« 

16 X 10* 

0087 

Bw 

14 xlO-» 

71 X 10* 


Lead 

21 xlO-» 

48 X 10* 


Meraixy 

041 X 10** 



Plattfimn 

110 X 10*« 

8 6 xl0> 


Alnmimiim 

8*0 X 10** 

38 X 10* 1 



ir(Bi^tii(0a-i8Llirt-4^Mnal£) —So Bas =476x10** 
at<rO , Tniq^ Om£ « 000018 

i^ofmoul (pD = 02;Ki->16L2aar88} *-Sp Rei = 8 44 x 10** 
at IS* 0 ; Tu&p Ocwtf k OOW 

Smta j^ = 80, Ni - IBi, Mn = 6) — 8p Res = 12 x 10** , 
Ten^ Ooes = OOlOB 

Rei-SxlO-^ 
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5 Data for &e&veiLoe 


Ratio tfm for eleotron 

Kleobxmio ohorge (e) 

Eleotomia mass (m) 

Bodins of eleotrcm , 

Ratio elm for JET ion in oleotro* 
lyaxB 

Cliarge on monovalent ion 
Mass of H atom 
Radius of S atom 
Ratio of mass of eleotron to mass 
of jJion 

Number of moleonles in 1 o o 
ofgasatif C andTGOmm 
Velooify ofbsht 
•' w”— ratio OT nnits-^Rosa and 
Dorsey (1907) 

**Miimeton” moment 
Planim's nmversal constant (5) 


C 1 772 X 10’ e m nnits pergrm 
(, 5 32 X 10^^ e B units per gem 
( 1 5d X 10"*® e m umto 
1 4 65 X 10*”^® as nmts 
8 9 X 10"*® firm 
1 87 X KTis^om 
f 96 X 10* e m nmts per grin. 
( 2 88 X 10’* e 8 units per grm 
I e as above 
1 165 X 10-** grm 
! 1 2 X 10-® cm 

j 1 1860 (taking e/m os above) 
|29 X 10'» 

2 998 X 10’® om per sao 
1 2 997 X 10’® cro« per sco 

18 64 X 10-»® 

6 X l0-« 


6. Books to Sead 

(a) MoUeutar PhysxcBfJff J A Crowther 

jifodem Meetncal Theory^ by N B Campbell 
{h) Manml qf Sadiotdegraphy and Badiotdephmy, by J A 
Flemmg 

(c) Omiduetvm qf Meelneity through Ofases, ^ Bur J, J Thomson. 

Bays qf Ponfove EkUrtetiy, by Sir J J Thomson 
(dO Badio^uttve Sub^aneea and their RadialtOMs by Sir E« 
Rutherford 

(e) Cbymecuhcr Theoi^ ^ Ifcd^er, by Sir J. J Thomson 
MeclronTktoryqfMattiTf^O W Riohardaon 
Bdttimiy and the Electron Theory ^ by £ Chumingham 
if) A !!h^m on the Theory if Sotuiion^hy'W 0 D Wliethsm 
(p) Eleetriedl Enginuring^onUntme Ourrentt by W. T. Maaoall* 
AlUrmdtng (htmntSfhy 0 G Lamb 


ANSWERS. 


Ezvrauts 7SX 

B -~(1) 26 Tott (2} f oE 85 , 1 e 10 ft iram copper tcnniiiBl 
(8) I B i anpete F D s I i Tolte (4) 4 8 

(10 Oaa vnmg^ oonneoM 
m +25, -145p - 85p - 85 

O —{1) 80 edla (8) 8 ttm, 12 cells per roir 

(B) 62 amp , 81 amp ^ Si s 2 1 
(4) 276 ohms, 60 watts m battetj, 40 watts mleads, 1100 
watts m lamps 

(6) 228ampeteip 886 amperes 

(7) Besistanee as theft oC a piece o£ ttie aame wire of lengbli 

(5 - ftmies the lengftli oE one side oE the sqnera 


Bxaseuea xn 

B-(;L) 111 ohms, 10774 ohms, 868527 ohms 

(8) 6000 ohms, 4 (8) TOdivisioas. 8 (4) 89 20 

C ^2) 608 (6} ra*iff 

9 ) ^OOSmati CB) 

ol L II* 

(10) Snie(l-a»0)«:2niefl i .V 

Xrne — — — - mesL, 26600 - 8 x 11111 ; 

(•* + ta)l a 


(U) 0 (M 8 


BOB 
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SacercisoB ZZU 

B— (1) 10 1, 1 1, 10 1 

(8) Bes of s 15 obnia^ Bes of B = 6 ohmB j 
Heat m A Heat in B s 5 8 

(4) 6 ohms (6) 20*0 

C.-— (1) 62 ampere , 81 ampere ,21 

(2) Heat in Oase 1 s 88 1 oalones per second. 

Heat in Case 2 = 8 48 oalones per second 
(8) 1148 (4) 1508 volts 

(6) 8402 grm , 142 3 oalones , 69 7 oalones , 46 6 oalones 
(Q lOJabacdatemutB (7) 9 volt, 01 ohm (8) 1049. 

Exercises HIT 

B — (1) 001 gnOi per conlcmb 

(2) Cu =: 8560 6 grm , Hg = 20747 grm , H ^ 108 8 gnn , 
HaOn = 4153 6 grm , On = 8280 S gim 

C— (4) 505 ampere (6) 4 1, 16 1 

(6) 1588 grm , 80964 oalones 
(8) Cnirent in = 1 03 , Onxrent in B = 845 

Exercises XV, 

C— (6) 750 

Exercises EVXI 

B-<1) 1267 X 10-» volts 

(2) 250 dynes , perpendionlor to field and condnotor 

CH2) 0000141372 TOlt (8) 128 x volts 

(5) Z= 05 henry, H^sOlSheaiy Bedneed. 

Exercises EVIXI 
c.— (3) dynes 

Exercises 

C —(1) 1485 for (a) and 1909 for (5) nearly. (2) 4 in f 
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